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A METHOD OF IMPROVING EEFtCACV OF BIOLOGICAL RESPONSE-MODIFYING 
PROTEINS AND THE EXEMPLARY MUTEINS 

Technical Field 

The present invention relates to a protein variant ^^ch substitutes valine for phenjdalanine 
residue in a binding domain having a biological response-modifying function by binding to a recqjtor, 
ligand or substrate. More particularly, the present invention relates to a protein variant which 
substitutes valine for phenylalanine residue in an a-helix domain participating in the binding of a 
human cytokine protein to a corresponding receptor. 

Background Art 

Many human diseases are caused by the loss of protein fimction due to defects or an 
insufficimt amount of a protein. To treat such diseases, related proteins have been directly 
administered to patients. However, many physiologically active proteins used as medicines are 
easily degraded in serum before they arrive at target tissues and act therein. For this reason, most 
physiologically active proteins having ther^eutic value are excessively or frequently administered to 
patients to maintain an ^propriate concentration enable of offering satisfectoiy therapeutic effects. 

An q)proach to solve^tiig-abeve problems is to conjugate with polyethylene glycol 
(PEGylation) or microencapsulate physiologically active proteins. However, these methods are 
cumbersome because target proteins are primarily produced in microorganisms and purified, and are 
then PEGlyated or microencapsulated In addition, cross-linking may occur at undesiied positions, 
which may negatively affect the homogeneity of final products. 

Another approach involves glycosylation. Cell surface proteins and secretory proteins 
produced by eukaryotic cells are modified by a glycosylation process. Glycos>4ation is known to 
influence in vivo stability and fimction of proteins, as well as their physiological properties. 
However, since glycosylated proteins can be produced only by eukaiyotic cells capable of 
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performing glycosylation, their production process is complicated, and it is difficult to attain 
homogeneous final products which are glycosylated at all desired positions. 

Li addition, the conventional techniques all iii5)rove the problems associated with 
administration frequency, but do not inoiease the physiological efficacy of proteins, leading to 
excessive dosage. For exanq^le, NESP developed by the Amgen Company (see U.S. PaL No. 
6,586,398) improves the firequait administration by extending the half-lives of protdns in the blood, 
but does not increase the efficacy of proteins, leading to excessive dosage that may induce the 
production of blocking antibodies. 

An ^proach used to improve the efficacy of physiologically active proteins is to 
mutagenize some amino acid residues of a wild-type protein to irrprove biological activity of the 
proteirL Related protein variants are disclosed in the following patent publications: (1) U.S. Pat No. 
5,457,089: human erythropoietin (EPO) variants wba^ the carboxyl terminal region was altered to 
increase binding affinity of EPO to its receptor, (2) Intemational PaL Publication No. 02/077034: 
human granulocyte colony stimulating fector (G-CSF) variants where a T-cell qjitope was altered to 
reduce immunogenidty of human G-CSF in humans; (3) International PaL Publication No. 99/57147: 
human thrombopoietin (TPO) variants prepared by substuting glutaminic arid at the 1 15 position with 
lysine, arginine or tyrosine in a TOP protein having an amino acid sequence corresponding to 7th to 
151st amino arid residues of human mature TPO; and (4) U.S. PaL Nos. 6,136,563 and 6,022,711 that 
disclose human growth hormone variants having alanine substitutions at ttie 18, 22, 25, 26, 29, 65, 168 
and 174 positions. 

However, the aforementioned protein variants are altered forms made for improving only 
ther^eutic efficacy regardless of changes in in vivo antigenicity. Thus, the scale, degree and 
position of these alterations have high potential to induce immune responses in humans. Antigenicity 
in humans may cause serious adverse effects (Casadevall et al. N. Eng. J. MeA 2002, vol.346, p.469). 

Disclosure of the Invention 



It is therefore an object of the present invention to provide biological response-modifying 
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protein variants having improved phannacological action, which are enable of maximizing 
biological response modifying eflFects vpon administration and preventing the formation of blocking 
antibodies throu^ an in^^rovement in eflBcacy of convmtional biological response-modifying 
proteins, and methods of preparing such variants. 

In one aspect, the present invention provides a protein variant which substitutes valine for 
phenylalanine residue in a binding domain of a protein having a biological response-modifying 
fimction by binding to a receptor, Hgand or substrate. 

In another aspect, the present invention provides a DNA encoding a protein variant which 
substitutes valine for phenylalanine residue in a binding domain of a protein having a biological 
response-modifying fimction by binding to a recqjtor, ligand or substrate. 

In a further aspect, the present invention provides a recombinant ejqsression vector to winch 
a DNA encoding a protein variant vMch substitutes valine for phenylalanine residue in a binding 
domain of a protein having a biological response-modifydng fimction by binding to a recqjtor, ligand 
or substrate is operably linked 

In yet anoth^ aspect, the presait invention provides a host cell transformed or transfected 
witii a recombinant expression vector to which a DNA encoding a protein variant which substitutes 
valine for phenylalanine residue in a binding domain of a protein having a biological response- 
modifying fimction by binding to a recqjtor, ligand or substrate is operably linked. 

In still another aspect, the present invention provides a method of preparing a protein variant, 
comprising cultivating a host cell transformed or transfected with a recombinant expression vector to 
which a DNA encoding a protein variant which substitutes valine for phenylalanine residue in a 
binding domain of a protein having a biological response-modifying fimction by binding to a 
recqjtor, ligand or substrate is operably linked, and isolating the protein variant 6om a resulting 
culture. 

In still another aspect, the present invention provides a pharmaceutical composition 
comprising a protein variant which substitutes vaUne for phenylalanine residue in a binding domain 
of a protein having a biological response-modifying fimction by binding to a recq)tor, ligand or 
substrate, and a pharmaceutically accq)table carria-. 
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Brief Description of the Drawings 

Hie above and other objects, features and other advantages of the present invention will be 
more clearly understood fiom the following detailed description taken in conjunction with the 
accompanying drawings, in which: 

FIG. 1 A is a multiple alignment of amino add sequmces of domains participating in ttie 
binding of 4-helix bimdle cytokines to conresponding receptors; 

FIG. IB is a multiple alignment of amino acid sequences of domains participating in the 
binding of interferons to corresponding recq)tors; 

FIG. 2A shows the results of Westem blotting of TPO variants according to the present 
invention, (fix)m flie leftmost lane: marker, wild-type TPO; TPO[F46V]; TPO-[F128V]; TPO 
[F131V]; andTPO-[F141V]); 

FIG. 2B shows tiie results of Westem blotting of EPO variants according to the present 
invention, (fiom the leftmost lane: marker, wild-type EPO; EPO-[F48V]; EPO-[F138V]; EPO^ 
[F142V]; and EPO-[F148V]); 

FIG. 2C shows the results of Westrai blotting of G-CSF variants according to the present 
invention, (from tiie leftmost lane: marker, wild-type G-CSF; G-CSF-[F13V]; G-CSF-[F83V]; G- 
CSF-[F1 13V]; G-CSF-[F140V]; G-CSF-[F144V]; and G-CSF-[F160V]); 

FIG. 3 A is a gr^h showing the relative e?q)ression levels of TPO variants accorxiing to the 
present invention, compared to a wild-type TPO; 

FIG. 3B is a gr^h showing the relative expression levels of EPO variants accorxiing to the 
present invention, compared to a wild-type EPO; 

FIG.3C is a graph showing the relative expression levels of G-CSF variants according to the 
present invention, conqjared to a wild-type G-CSF; 

FIG. 4A shows the results of an ELISA assay for binding afiHnity of TPO variants according 
to the present invention to TPO receptors; 

FIG. 4B shows the results of an EUSA assay for binding aflHnity of EPO variants accorxiing 
to the present invention to EPO receptors; 
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FIG. 4C shows the results of an ELISA assay for binding aflSnity of G-CSF variants 
according to the present invention to G-CSF recqjtors; 

FIG. 4D shows the results of an ELBA assay for binding aflSnity of GH variants accorxiing 
to the present invention to GH receptors; 

FIG. 5 A shows the results of an SPR assay for binding affinity of TPO variants according to 
the present invention to TPO recq)tors; 

FIG. 5B shows the results of an SPR assay for binding affinity of EPO variants accorxiing to 
the present invention to EPO receptors; 

FIG. 6A shows the results of a FACS analysis for binding affinity of a TPO variant 
according to the present invention to TPO receptors; 

FIG. 6B shows the results of a FACS analysis for binding affinity of an EPO variant 
according to the present invention to EPO recq>tors; 

FIG. 7A is a gr^h showing the proliferation rates of TF-l/c-MpI ceUs according to the 
concentration of TPO variants according to the present invention; 

FIG. 7B is a gr^h showing the proliferation rates of TF-1 cells according to the 
concentration of EPO variants according to the present invention; 

FIG. 7C is a gr^h showing the proliferation rates of HL60 cells according to the 
concentration of G-CSF variants according to the present invention; 

FIG. 7D is a gr^h showing the proliferation rates of Nb2 cells according to flie 
concentration of GH variants according to the present invention; 

FIG. 8A is a gr^h showing the results of a pharmacokinetic assay of a TPO variant 
according to the present invention, in which the TPO variant was intravenously injected into i^bits, 
and serum levels of the TPO variant wot measured; 

FIG. 8B is a ffaph showing the results of a pharmacokinetic assay of an EPO variant 
according to the present invention, in which the EPO variant was intravenously injected into rabbits, 
and serum levels of the EPO variant were measured; 

FIG. 8C is a gr^h showing the results of a pharmacokinetic assay of an EPO variant 
according to the present invention, in which the EPO variant was intr^mtoneally injected into mice. 
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and serum levels of the EPO variant were measured; 

FIGS. 9A, 9B and 9C are gr^hs showing the prolifoBtion rates of erythixxytes, 
proliferation rates of reticulocytes, and changes in hematoait, respectively, as results of tests to 
evaluate in vivo activity of EPO variants according to the present invention, in mice intr^jeritoneally 
injected with the EPO variants; and 

FIGS. IDA, lOB and IOC are gr^hs showing proliferation rates of platelets, leukocytes and 
neutrophils, respectively, as results of tests to evaluate ttie in vivo activity of TPO variants according 
to the present invention, in rats intreperitoneally injected with the TPO variants. 

Best Mode for Carrying Out the favention 

Single capital letters standing for amino adds, as used herein, represoit the following amino 
acids according to the standard abbreviations defined by the Intanational Union of Biochemistry: 
A: Alanine; B: Asparagine or Aspartic acid; 
C: Cysteine; D: Aspartic arid; E: Glutamic arid; 
F: Phmylalanine; G: Glyrine; H: Histidine; 
I: Isoleucine; K: Lysine; L: Leucine; 
M: Methionine; N; Asparagine; P: Proline; 
Q: GlutanMne; R: Aiginine; S: Serine; 
T: Threonine; V: Valine; W: Tryptophan; 
Y: Tyrosine; and Z: Glutamine or Glutamic acid 

The designation "(one capital for an amino arid)(amino acid position)(one coital for another 
amino acid)' as used h^ein, means that the fomier amino arid is substituted by the latter amino acid at 
the designated amino acid position of a certain protein. For example, F48V indicates that the 
phenylalanine residue at the 48th position of a certain protein is substituted by valine. The amino acid 
position is numbered fix)m the N terminus of a mature wild-type protdn. 

The term '"protein varianf ', as used herein, refers to a protein that has an amino acid 
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sequence diflFerait ftom a wild-type forai by a substitution of valine for phenylalanine residue in a 
protein having physiological function by binding to a receptor, ligand or substrate, in particular, in a 
domain participating in the binding to a receptor, ligand or substrate. In the preset invention, a 
protein variant is designated for convenience as *^rotein name-[(one capital for an amino acid)(amino 
acid position)(one coital for another amino acid)]". For example, TPO-[F131V] indicates a TPO 
variant in which the phmylalanine residue at position 1 3 1 of wild-type TPO is substituted by valine. 

The term '^biological response-modifying proteins", as xased herein, refers to proteins 
involved in maintaining homeostasis in the body by inducing the initiation or stop of various 
biological responses occurring in the multicellular body and regulating the responses to be oiganically 
connected to each other. These proteins typically act by binding to recq)tors, ligands or substrates. 

Proteins capable of being altered according to the present invention include all proteins that 
have innate fimction to modulate biological responses by binding receptors, ligands or substrates. 
Non-limiting examples of the proteins include cytokines, cytokine receptors, adhesion molecules, 
tumor necrosis fector (TNF) receptors, enzymes, recqjtor ^rosine kinases, chemokine receptors, 
other cell surfece proteins, and soluble ligsnds. Non-limiting examples of the cytokines include 
CNTF (cytoneurotrophic fectpr), GH (growfli hormone), IL-1, H^lRa (interleukin-1 receptor 
antagonist), placental lactogen (PL), cardioliphin, BL-2, IL-3, IL-4, IL-5, IL-6, 11^7, IHO, IL-12, IL- 
17, TNF, TGF (transforming growth fector), IFN (interferon), GM-CSF (granulocyte-monocyte 
colony stimulating factor), G-CSF (granulocyte colony stimulating factor), EPO (erythropoietin), 
TPO (thrombopoietin), M-CSF (monocyte colony stimulating fector), UF (leukemia inhibitory 
factor), OSM (oncostatin-M), SCF (stem cell factor), HGF (hepatocyte growth factor), FGF 
(fibroblast growth factor), IGF (insulin-like growth factor), and LPT (Leptin). Non-limiting 
examples of the cytokine receptors include growfli hormone receptor (GHR), IH3R, IL-IR, IL-2R, 
IL^SR, EL^R, rUSR, IL^ E^TR, IL^9R, IH5R, TNFR, TGFR, IFNR (e.g., IFN-yR a-chain, 
IFN-yR P-chain), interferon-oR, -pR and -yR, GM-CSFR, G-CSFR, EPOR, cMpl, gpl30, and Fas 
(Apo 1). Examples of the chemokine receptors include CCRl and CXCRl-4. Examples of the 
receptor tyrosine kinases include TikA, TikB, TikC, Hik, REK7, Rse/Tyro-S, hqjatocyte growth 
factor R, platelet-derived growth factor R, and Flt-l . Examples of oflier cell surface proteins include 
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CD2, CD4, CD5, CD6, CD22, CD27, CD28, CDSO, CD31, CD40, CD44, CDIOO, CD137, CD150, 
LAG-3, B7, B61, jS-neurexiii, CTLA-4, ICOS, ICAM-1, conplement R-2(CD21), IgER, lysosomal 
membrane gp- 1 , ot2-microglobulin recq)tor-related protein, and natriuretic pqjtide receptor. 

To improve the eflficacy of modulating biological responses for the aforementioned 
5 numerous proteins having biological response-modulating fimction, the present invention intends to 
provide protein variants capable of binding to recq^tors, ligands or substrates having a hi^er 
hydrophobic force than that of wild types. For this purpose, the present invention is characterized by 
substituting valine for phenylalanine residue in a binding domain of each of the proteins. 

Phenylalanine is a relatively non-polar amino acid that has an aromatic side chain and a 

10 known hydrophobicity index of 3.0. Valine is a non-polar hydrophobic amino acid that has an 
aliphatic side chain and a known hydrophobicity index of 4.0. In addition, since valine is smaller 
than phenylalanine, a protein substituting valine for phenylalanine residue becomes more deeply 
depressed in a pocket binding to a corresponding receptor, ligand or substrate. Thus, a protein 
substituting valine for phenylalanine residue in a binding domain has increased hydrophobic force 

15 and a more deq)ly dq)ressed space so tiiat it has increased binding afBnity to a recqDtor, ligand or 
substrate, leading to a desired increase in biological response-modulating eflSdency. 

In addition, the valine substitution for phenylalanine residue, as a conservative substitution, 
has a minimal influence on the secondary or tertiary structure of a protein, and thus rarely affects the 
fimction of the protein (Argos, EMBO J. 1989, vol.8, pp779-85). Further, because phenylalanine is 

20 mainly present in a highly hydrophobic region, it is rarely exposed to the exterior. When such 
phenylalanine residue is substituted by valine, a protein becomes more deqjly depressed fix>m the 
surface due to the higher hydrophobicity of valine. Thus, this substitution has a lower potential to 
induce antibody production. A certain protein should primarily bind a corresponding receptor, 
ligand or substrate to modulate a specific biological response. In the case that the stronger this 

25 binding is, the efficacy of modulating a biological response is improved, related proteins all may be 
altered according to the present invention, and the present invention includes all of the resulting 
protein variants. 

The fact that such a substitution of valine for phenylalanine residue leads to increased 
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binding aflSnity is supported by the finding of a mutation of FcYRIIIa(CD16) expressed on NK cells 
in human autoimmune diseases. The human recq)tor piotdn has a genetic polymorphism. That 
is, individuals are divided into two groiq^s: at position 176 in a region participating in recogni^g Fc 
of an antibody ligand, one groiq) has phen>dalanine, and the other group has valine. Individuals 
5 having phenylalanine at position 1 76 of the recqjtor have weakened binding affinity to the Fc region 
of the antibody ligand and are hi^y suscq)tible to systemic lupus erythematosus (SLE) (Jianming 
Wu et al. J. Clin. Invest. 1997, vol.100, pp.1059-70). 

On the otha^ hand, as noted above, the present invention is characterized by substituting 
valine for phenylalanine residue in a binding domain of a biological response-modulating proteirL 

10 The term 'l^inding domain", as used herein, refers to a portion (that is, domain) of a protein 
performing its biological fimction by binding to a receptor, ligand or substrate, and has relatively hig^ 
hydrophobicity and low antigenicity compared to otiier regions of the protein Binding domains of 
proteins are well known in the art For example, some 4-a helix bundle cytokines and interferons, 
which are used in an embodiment of flie presait invoition, are known to have a D-a helix structure 

1 5 and an A-a helix stmcture, respectively, that serve as binding domains for corresponding receptors. 

However, a binding domain altered according to the present invention is not limited to 
binding domains known in the art. This is because the binding of a biological response-modulating 
protein to a recq)tor, ligpnd or substrate is influenced by, in addition to amino add residues involved 
in direct binding, otiier several amino add residues. A '"binding domain" of a biological response- 

2 0 modulating protein, altered according to the present invention, further includes about SO amino acid 
residues, preferably about 25 amino acid residues, and more preferably about 10 amino acid residues, 
Soom both ends of a binding domain known in the art. 

One aspect of flie present invention involves cytokines that typically contain several a helix 
stmctures. Among them, the first and last helices fiom the N-tmnius are known as binding 

25 domains participating in binding of cytokines to corresponding cytokine receptors (see FIG. 1). a 
helices responsible for binding of cytokines to corresponding recqptors differ according to the type of 
cytokines, and are well known in the art For example, in TLrly the second and fifth helices bind to 
the p55a receptor among IL-2 recqDtors, the first helix binds to the p75y receptor among IL-2 
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receptors, and the sixth helix binds to gamma recq)tor (Fernando Bazan, Science J. 1992, voL257, 
pp.410-2). As described above, cytokines eadi have particular helices participating in binding, but 
the helices have higjily^consa-ved amino acid sequmces. The present invention provides a cytokine 
variant that is capable of binding to a cytokine recqjtor with hi^er aflSnity than a wild-type cytokine 
5 by substituting valine for phenylalanine residue in an alpha helix corresponding to a binding domain 
of a cytokine. 

One aspect related to the cytokines involves the 4-helix bundle femily of cytokines. Such 
cytokines include CNTF, EPO, FltSU GM-CSF, 11^2, IL-3, TLrA, IL-5, IL-6, IH2p35, LPT, LIP, 
M-CSF, OSM, PL, SCF, TPO G-CSF, GHR and IFN. These cytokines all have four alpha helices, 
1 0 which are designated as A-alpha helix, B-a^ha helix, C-alpha helix and D-alpha helix, respectively. 
The D- and A-alpha helices mainly participate in binding to receptors (Fernando Bazan, Immunology 
today, 1990, voLl 1 pp.350-4, The Cytokine Facts Book, 1994, pp.104-247). 

Among the aforementioned 4-helix bundle cytokines, CNTF, EPO, Flt3L, GM-CSF, 11^2, 
IL-3, n^, 11^5, 1^6, II^12p35, LPT, UF, M-CSF, OSM, PL, SCF, TPO, G-CSF and GHR have 
15 binding domains which each include a D-a^ha helix and a region linking a C-alpha helix and the D- 
alpha helbc. More particularly, the binding domains include amino add residues between positions 
110 and 180 among amino acid residues of the 4-helix bundle cytokines. Therefore, in an aspect, 
the present invention provides a 4-helix bundle cytokine variant that is capable of binding to a 
corresponding receptor with higher affinity tiian a wild type by substituting valine for phenylalanine 
2 0 among amino acid residues between positions 1 10 and 1 80 of a 4-helix bundle cytokine. 

Of tiie aforOTientioned 4-helix bundle cytokines, interferons (e.g., IFN-a2A, IFN-a2B, 
IFN-p, IFN-y, IFN-co, IFN-t) have a binding domain that contains an "A-alpha helix". More 
particularly, the binding domain of interferons includes amino acid residues between positions 1 and 
50. Therefore, in another aspect, the present invention provides an interferon variant that is capable 
2 5 of binding to an interferon receptor having higher affinity than a wild type by substituting valine for 
phenylalanine among amino acid residues between positions 1 and 50 of an interferon. 

On the other hand, the binding domain altered according to the present invaition may include 
two or more phaiylalanine residues. The two or more phenylalanine residues may all be substituted 

10 
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by valine. Howcvct, because this case leads to a great reduction in protein expression levels, 
prefeiably only one phenylalanine residue is substituted by valine. In this regard, the presmt inventors 
found ttiat, when phoi^dalanine residue present in a hi^y hydrophobic region is substituted by valine, 
ttie biological response-modulating protein has much in^Hioved efficacy. Therefore, in the present 
5 invention, the phenylalanine residue to be substituted by valine is preferably selected in a hi^y 
hydrophobic region present in flie binding domain specified according to the present inventiorL 
Hydrophobicity for a specific region of an amino acid sequmce corrq^rising a protein may be 
detennined by a method known in the art (Kyte, J. et al. J. MoL Biol. 1982, vol.157, pp.105-132, Hopp, 
TP. et al. Proc. Nat Acad Sci. USA, 1981, vol. 78(6), pp.3824-3828). 

10 The variant of a biological response-modulating protein according to the present invention 

may be prepared by chemical synthetic methods generally known in the art (Crdighton, Proteins: 
Stmctures and Molecular Principles, WJI. Freeman and Co., NY 1983). Representative methods, 
but are not limited to, include liquid or solid phase synthesis, fi:agment condensation, and F-MOC or 
T-BOC chemical synthesis (Chemical Approaches to the Synthesis of Pqjtides and Proteins, 

15 Williams et al., Eds., CRC Press, Boca Raton Florida, 1997; A Practical i^proach, Atherton & 
Sheppard, Eds., IRL Press, Oxford, England, 1989). 

Alternatively, the protein variant according to the present invention may be prepared by 
recombinant DNA techniques. These techniques include a process of preparing a DNA sequence 
encoding the proteki variant according to the present inventioa Such a DNA sequence may be 

2 0 prepared by altering a DNA sequence encoding a wild-type protein. In brie£ after a DNA sequence 
encoding a wild-type protein is synthesized, a codon for phenylalanine is changed to another codon 
for valine by site-directed mutagenesis, thus generating a desired DNA sequence. 

Also, the prq)aration of a DNA sequence encoding the protein variant according to the 
present invention may be achieved by a chemical method. For GKsmnple, a DNA sequence encoding 

25 the protein variant may be synthesized by a chemical method using an oligonucleotide synthesizer. 
An oligonucleotide is made based on an amino acid sequence of a desired protein variant, and 
preferably by selecting a ^propriate codon used by a host cell producing a protein variant Hie 
degen^acy in the genetic code, which means that one amino acid is specified by more than one 

11 
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codon, is well known in the ait Thus, there is a plurality of DNA sequences with degenaacy 
encoding a specific protein variant, and they all fall into the scope of tiie present invmtioa 

A DNA sequmce encoding the protdn variant according to the present invention may or 
may not include a DNA sequence encoding a signal sequence. The signal sequence, if present, 
should be recognized by a host cell selected for the expression of the protein variant The signal 
sequence may have a piokaryotic or eukaryotic origin or a combinational origin, and may be a signal 
sequence of a native piotediL The anployment of a signal sequence may be determined according 
to the eflFect of expression of a protein variant as a secretory form in a recombinant cell producing the 
protein variant If a selected cell is a prokaryotic cell, a DNA sequence typically does not encode a 
signal sequence but instead contains preferably an N-teraiinal methionine for direct expression of a 
desired protein, and most preferably, a signal sequence daived 6om a wild type protein is used. 

Such a DNA sequence as prepared above is operably linked to another DNA sequence 
encoding the protein variant of the present invention, and is inserted into a vector including one or 
more expression control sequences regulating the e)q)ression of the resulting DNA sequence. Then, 
a host is transformed or transfected with the resulting recombinant e?q)ression vector. The resulting 
transformant or transfectant is cultured in a suitable medium under suitable conditions for the 
expression of the DNA sequence. A substantially pure variant of a biological response-modulating 
protein coded by the DNA sequence is recovered fiom the resulting culture. 

The term 'Vector*', as used herein, means a DNA molecule serving as a vehicle capable of 
stably carrying exogeneous genes into host cells. For usefiil ^plication, a vector should be 
replicable, have a system for introducing itself into a host cell, and possess selectable markers. In 
addition, the term "recombinant expression vector^', as used herein, refers to a circular DNA molecule 
carrying exogeneous genes op^ably linked thereto to be expressed in a host cell. When introduced 
into a host ceU, the recombinant expression plasmid has the ability to rqjUcate regardless of host 
chromosomal DNA at a high copy number and to produce heterogeneous DNA As generally 
known in the art, in order to increase the expression level of a transfected gene in a host cell, the gene 
should be operably linked to transcription and translation regulatory sequences fimctional in a host 
cell selected as an expression system. Preferably, the expression regulation sequences and the 

12 
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exogeneous genes may be carried in a single expression vector containing bactoia-selectable maikers 
and a replication origin. In ttie case that enkatyotic cells are used as an expression system, the 
expression vector should fiirther conprise expression maikers useM in the eukaiyotic host cells. 

The term "expression control sequmces", as used herein in connection with a recombinant 
expression vector, refers to nucleotide sequences necessary or advantageous for expression of the 
protein variant according to the presmt invention. Each control sequmce may be native or foreign 
to ttie nucleotide sequence encoding the protein variant Non-limiting exan^les of the expression 
control sequences include leader sequences, polyadenylation sequences, propeptide sequences, 
promoters, enhancers or upstream activating sequences, signal peptide sequences, and transcription 
terminators. The expression control sequence contains at least one promoter sequence. 

The tmn "operably linked" refers to a state in which a nucleotide sequence is anan^d with 
another nucleotide sequaice in a fimctional relationship. The nucleotide sequences maybe a gene and 
control sequences, which are linked in such a manner that gene expression is induced when a suitable 
molecule (for exdmple, transcrqjtion-activating protein) binds to the control sequence(s). For exanqjle, 
whm a pre-sequence or secretory leader fecilitates secretion of a mature protein, it is referred to as 
"operably linked to the protein". A promoter is operably linked with a coding sequmce when it 
regulates transcription of the coding sequence. A nTx)Some-binding site is operably linked to a coding 
sequence when it is present at a position allowing translation of the coding sequence Typically, the 
term "operably linked" means that linked nucleotide sequences are in contact with each other. In the 
case of a secretory leader sequence^ the tenn means that it contacts a coding sequence and is present 
within a leading jSame of the coding sequaice. However, an enhancer need not necessarily contact a 
coding sequaice. Linkage of the nucleotide sequaices may be achieved by ligation at convenient 
restriction oizyme recognition sites. In the absaice of restriction mzyme recognition sites, 
oligonucleotide ad^tors or linkers may be used, which are synthesized by the conventional methods. 

In order to express a DNA sequence encoding the protein variant according to the present 
invention, a wide variety of combinations of host cells and vectors as an expression system may be 
used. Expression vectors usefiil for transforming eukaryotic host cells contain expression regulation 
sequences j5x)m, for example, SV40, bovine papillomavirus, adenovirus, adeno-associated viruses, 

13 
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cytomegalovirus and retroviruses. Expression vectors useful in bacterial host cells include bacterial 
plasmids 6x>m E. colU which are ^CT:5)lified by pET, pRSET, pBluescript, pGEX2T, pUC, 
pBR322, pMB9 and derivatives thCTeo^ plasmids having a broad range of host cells, such as RP4, 
phage DNAs, exemplified by a wide variety of X phage daivatives including A. gtlO, X, gtl 1 and 
NM989, and other DNA phages, exanplified by filamentous single-stranded DNA phages such as 
Ml 3. Expression vectors usefiil in yeast cells include 2\i plasmid and derivatives ttiereof 
E?q3ression vectors usefiil in insect cells include pVL 941 . 

To express a DNA sequence encoding the protein variant according to the present invention, 
any of a wide variety of expression control sequences may be used by these vectors. Such usefiil 
expression control sequences include those associated with structural genes of the aforementioned 
expression vectors. Exanples of usefiil expression control sequences include the early and later 
promoters of SV40 or adenoviruses, the lac system, the trp system, flie TAC or TRC system, T3 and 
T7 promoters, the major operator and promoter regions of phage \ the control regions for fd coat 
protein, the promota: fi^r 3-phosphoglycerate kinase or other glycolytic enzymes, the promoters of 
phosphatases, for example, Pho5, the promoters of the yeast alpha-mating system and other 
sequences known to control the expression of genes of prokaryotic or eukaryotic cells or their viruses, 
and various combinations thereof In particular, T7 RNA polymerase promoter O 10 is usefiil for 
expressing a polypq>tide in E. coli. 

Host cells transformed or transfected with the aforementioned recombinant expression 
vector comprise another aspect of the present inventioiL A wide range of mononuclear host cells 
may be used for expressing a DNA sequence encoding the protein variant of the present invention. 
Examples of the host cells include prokaryotic and eukaryotic cells such as E. coli, Pseudomonas sp.. 
Bacillus sp., Streptomyces sp., fimgi or yeasts, insect cells such as Spodoptera fru^erda (SS), animal 
cells such as Chinese hamster ovary cells (CHO) or mouse cells, Afiican green monkey cells such as 
COS 1, COS 7, BSC 1, BSC 40 or BMT 10, and tissue^ultured human and plant cells. Preferred 
hosts include bacteria such as jE coli and Bacillus subtilis, and tissue-cultured mammalian cells. 

The transformation and transfection may be performed by the methods described in basic 
experimental guidebooks Pavis et al., Basic Methods in Molecular Biology, 1 986; Sambrook, J., et al., 
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Basic Mdhods in Molecular Biology, 1 989). The preferred methods for introducing a DNA sequence 
aicoding the protein variant according to the presait invention into a host cell include^ for example^ 
calcium phosphate transfection, DEAE-dextran mediated transfection, transvection, miax)injection, 
cationic lipid-mediated transfection, electroporation, transduction, scr^ loading, ballistic introduction, 
5 and infection 

Also, it will be understood that all vectors and expression control sequoices do not ftmction 
equally in esq^ressing the DNA sequmce of the present invaition. Likewise, all hosts do not 
function equally for an identical expression system. However, those dolled in the art are able to 
make a suitable selection &om various vectors, expression control sequences and hosts, within the 

1 0 scope of the present invention, without a heavy e?q)erimental butden. For exan:^)le, a vector may be 
selected taking a host cell into consideration because tiie vector shoiild be replicated in the host cell. 
The copy number of a vector, ability to control the copy number, and expression of other proteins 
encoded by the vector, for example, an antibiotic maiko", should be deliberated. Also, an expression 
control sequence may be selected taking several &ctors into consideration. For exanfiple, relative 

15 strength, control capacity and compatibility with the DNA sequence of the present invention of the 
sequence, particularly with respect to possible secondary structures, should be deliberated Furflier, 
the selection of a host cell may be made imder consideration of compatibility with a selected vector, 
. toxicity of a product encoded by a nucleotide sequence, secretory nature of the product, ability to 
correctly fold a polypeptide, fermentation or cultivation requirements, ability to ensure easy 

2 0 purification of a product encoded by a nucleotide sequence, or the like. 

In the method of preparing the protein variant according to the present invention, the host cells 
are cultivated in a nutrient medium suitable for production of a polypeptide using methods known in the 
art. For example, the cells may be cultivated by shake flask cultivation, small-scale or large-scale 
fermentation in laboratory or industrial fermraiters performed in a suitable medium and under 

2 5 conditions allowing tfie polypq)tide to be expressed and/or isolated TTie cultivation takes place in a 
suitable nutrient medium containing caibon and nitrogen sources and inorganic salts, using procedures 
known in the art Suitable media are commacially available from commaicial siqjpliers and may be 
prq>ared according to published compositions (for example, the catalog of American Type Culture 
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Collection). If the polypqjtide is secreted into the nutrient medium, the polypq)tide can be recovered 
directly fiom the medium. If the p6lypq)tide is not secreted, it can be recoveied fiom cell lysates. 

The biological response-modulating protein variant according to the presmt invention may be 
recovered by methods known in the ait For exanple, the protein variant may be recovered fiom the 
5 nutrient medium by conventional procedures including, but not limited to, centrifiigation, filtration, 
extraction, spray drying, eviration, or precipitation. Further, the protein variant may be purified by a 
variety of procedures known in the art including, but not limited to, chromatogr^hy (e.g., ion exchan^, 
aflSnity, hydrophobicity, and size exclusion), electrophoresis, diflFerential solubility (e.g., ammonium 
sulfate precipitation), SDS-PAGE, or extractiorL 

10 The present invention provides a pharmaceutical coixqx)sition comprising a variant of a 

biological response-modulating protein and a pharmaceutically accqjtable carrier. In the 
pharmaceutical composition according to the present invention, the biological response-modulating 
protein variant is preferably contained in a ther^eutically effective amount 

The canio: used in the pharmaceutical corrqwsition of the present invention includes the 

15 commonly used carries, adjuvants and vehicles, in the pharmaceutical field, which are as a whole 
called **phannaceutically acceptable canieis". Non-limiting pharmaceutically accq)table carriers 
usefiil in the pharmaceutical corrqxjsition of the present invention include ion exchange, alumina, 
aluminum stearafce, lecithin, serum proteins (e.g., human seium albumin), buflfering agents (e.g., sodium 
phosphate, glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of vegetable saturated &tty 

20 adds), wata:, salts or electrolytes (e.g., protamine sulfite, disodium hydrc^hosphate, potassium 
hydrophoshate, sodium chloride, and zinc salts), colloidal silica, magnesium trisilicate, 
polyvinylpyrrolidone, cellulose-based substrates, polyethylene glycol, sodium carboxymethylcellulose^ 
poIyar>4ate, waxes, polyeth>daie-polyoxypropylene-block copolymers, polyethjdene glycol, and wool 
fat. 

2 5 The pharmaceutical composition of the present invention may be administered via any of the 

common routes, if it is able to reach a desired tissue. Therefore, the pharmaceutical composition of the 
preseut invention may be administoed topically, orally, parenterally, intraocularly, transdemially, 
intrarectally and intraluminally, and may be fomiulated into solutions, suspensions, tablets, pills, 
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C£q)sules and sustained release prq)axBtions. The terni '"parenteral", as used ha:^ein, includes 
subcutaneous, intranasal, intravaious, intraperitoneal, intramuscular, intra-articular, intra-synovial, 
intrastemal, intracaidial, intrathecal, intralesional and intracranial iqection or in&sion techniques. 

In an aspect, the phamiaceutical conqx)sition of the present invention may be foraiulated as 
5 aqueous solutions for parenteral administratioa Preferably, a suitable buffer solution, such as Hank's 
solution, Ring^'s solution or physiologically buffered saline, may be enq)loyed Aqueous injection 
suspensions may be siqjplemented with substances enable of increasing viscosity of the suspensions, 
wdiich are exanplified by sodium carboxymethylcellulose, sorbitol and dextraa In addition, 
suspensions of the active components, such as oily injection suspension, include lipophilic solvents or 

10 canisis, which are exenq>lified by &tty oils such as sesame oil, and synthetic fatty acid estos sudi as 
eth)d oleate, triglycoides or liposomes. Polycationic non-lipid amino polymers may also be used as 
vdiicles. Optionally, the suspensions may contain suitable stabilizers or dmgs to increase the 
solubility of protein variants and obtain high concentrations of the protein variants. 

The pharmaceutical composition of the preset invention is piefaably in die form of a sterile 

15 injectable pr^aration, such as a sterile injectable aqueous or oleaginous suspmsion. Such suspoision 
may be formulated according to the methods known in the art, using suitable dispersing or wetting 
agents (e.g., Tween 80) and suspending agaits. The sterile injectable preparations may also be a 
sterile iig'ectable solution or suspension in a non-toxic parenterally-accq^table diluent or solvent, such as 
a solution in 13-butanediol. The accq)table vehicles and solvents include mannitol, water, Ring^'s 

2 0 solution and isotonic sodium chloride solution. In addition, sterile fixed oils may convaitionally be 
enployed as a solvent or suspending medium. For fliis purpose, any bland fixed oil may be 
enq)loyed, including synthetic mono- or di-gjycerides. hi addition, fatty acids, such as oleic acid and 
glycoide doivatives thereof may be used in the preparation of injectable preparations, like the 
phannaceutically accqjtable natural oils (e.g., olive oil or castor oil), and particularly, polyoxyefliylated 

2 5 derivatives thereof 

The aforementioned aqueous composition is sterilized mainly by filtration using a filter to 
remove bacteria, mixing wifli disinfectants or in combination with radiation. The sterilized 
composition can be hardened, for example, by fireeze-drying to obtain a hardened product, and for 
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practical use, the hardened pixxiuct is dissolved in sterilized water or a sterilized diluted solution. 

The tenn 'thoapeutically eflFective amount", as used haidn in connection witii the 
pharmaceutical conqxjsition of fee presmt invention, means an amount in which an active conponent 
shows an improved or flierapeutic eflFect toward a disease to which the pharmac^cal conqx)sition of 
5 the present invention is ^lied The Ihea^eutically eflFective amount of the phannaceutical 
conposition of the present invention may vary according to the patient's age and sex, ^>plication sites, 
administration frequency, administration duration, formulation types and adjuvant types. Typically, 
the pharmacaitical composition of the present invaition is adnunistCTed in smalla- amounts than a wild- 
type protein, for example, 0.01-1000 |ag/kg/day, more preferably 0.1-500 ^ig/kg^day, and most 

10 preferably 1-100 |xg/lcg/day. 

On the other hand, it will be parent to those skilled in the art that diseases to which flie 
present composition is applied may vary according to the protein type. The EPO and TPO altered 
as in an embodiment of the present invention may be used for treating, in addition to anemia itself, 
anemia as a complication associated with ottio: diseases (e.g., anemia in inflammatory bowel 

15 disease, Progressive Kidney Disease, anemia of renal feilure, tiie anemia associated with HIV 
infection in zidovudine (AZT) treated patients, anemia associated with cancer chemotherapy, 
Huntington's disease (HD), sickle ceU anemia. Late Hyporegenerative Anemia in Neonates with Rh 
Hemolytic Disease after in utCTo Exchange Transfiision). In addition, the G-CSF altered according 
to the present invention may be used for treating neutropenia itself and neutropenia developed after 

20 bone marrow transplantation or canca* chemotherapy, the GH variants may be used for treating 
pituitary dwarfism and paediatric chronic renal failure. However, the present invention is not 
limited to these ^plications. 

Hereinafter, the present invention provides intaferon variants which each substitute valine 
for specific phenylalanine residue of 4-helix bundle cytokines, in detail, CNTF, EPO, FIGL, G-CSF, 

25 GM-CSF, GH, IL-2, 11^3, IL-4, IL-5, IL-6, IL-12p35, LPT, IIP, M-CSF, OSM, PL, SCF, TPO, 
IFN-ot2A, IFN-a2B, IFN-p, IFN-y, IFN-co and IFN-x. 

In one specific aspect, the present invmtion provides the following protein variants: (1) a 
CNTF variant that substitutes valine for the phmylalanine residue at the position 3, 83, 98, 105, 119, 
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152 or 178 of an amino acid sequmce (SEQ ID NO.: 1) of a wild-type CNTF; (2) an EPO variant 
that substitutes valine for the phenylalanine residue at the position 48, 138, 142 or 148 of an amino 
acid sequence (SEQ ID NO.: 2) of a wild-type EPO; (3) a Flt3L variant that substitutes valine for the 
phenylalanine residue at the position 6, 15, 81, 87, 96 or 124 of an amino acid sequence (SEQ ID 
5 NO.: 3) of a wild-type Flt3L; (4) a G-CSF variant that substitutes valine for the phenylalanine residue 
at the position 13, 83, 113, 140, 144 or 160 of an anaino acid sequence (SEQ ID NO.: 4) of a wild- 
type G-CSF; (5) a GM-CSF variant that substitutes valine for the phenylalanine residue at the 
position 47, 103, 106, 113 or 119 of an amino acid sequence (SEQ ID NO.: 5) of a wild-type GM- 
CSF; (6) a GH variant that substitutes valine for ttie phenylalanine residue at the position 1,10, 25, 

10 31, 44, 54, 92, 97, 139, 146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 6) of a wild- 
type GH; (7) an IFN-a2A variant that substitutes valine for the phenjdalanine residue at the position 
27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino acid sequence (SEQ ID NO.: 7) of a wild-type 
IFN-a2A; (8) an lFN-a2B variant that substitutes valine for the phenylalanine residue at the position 
27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino acid sequence (SEQ ID NO.: 8) of a wild-type 

15 IFN-ot2B; (9) an IFN-P variant that substitutes valine for the phenylalanine residue at the position 8, 
38, 50, 67, 70, 1 1 1 or 154 of an amino acid sequence (SEQ ID NO.: 9) of a wild-type IFN-p; (10) an 
IFN-y variant that substitutes valine for the phenylalanine residue at the position 1 8, 32, 55, 57, 60, 63, 
84, 85, 95 or 139 of an amino acid sequence (SEQ ID NO.: 10) of a wild-type IFN-y; (1 1) an IFN-co 
variant that substitutes vaUne for the phen>4alanine residue at the position 27, 36, 38, 65, 68, 124 or 

20 153 of an amino acid sequence (SEQ ID NO.: 1 1) of a wild-type IFN-co; (12) an IFN-x variant that 
substitutes valine for the phenylalanine residue at the position 8, 39, 68, 71, 88, 127, 156, 157, 159 or 
183 of an amino acid sequence (SEQ ID NO.: 12) of a wild-type IFN-x; (13) an IL-2 variant that 
substitutes valine for the phenylalanine residue at the position 42, 44, 78, 103, 1 17 or 124 of an amino 
acid sequence (SEQ ID NO.: 13) of a wild-type 11^2; (14) an IL-3 variant that substitutes valine for 

25 the phenylalanine residue at the position 37, 61, 107, 1 13 or 133 of an amino acid sequence (SEQ ID 
NO.: 14) of a wild-type IL-3; (15) an IL-4 variant that substitutes valine for the phenylalanine residue 
at the position 33, 45, 55, 73, 82 or 1 12 of an amino acid sequence (SEQ ID NO.: 15) of a wild-type 
IL-4; (16) an 11^5 variant that substitutes valine for the phenylalanine residue at the position 49, 69, 
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96 or 103 of an amino acid sequence (SEQ DD NO.: 16) of a wild-type IL-5; (17) an IL-6 variant that 
substitutes valine for the phenylalanine residue at the position 73, 77, 93, 104, 124, 169 or 172 of an 
amino acid sequence (SEQ ID NO.: 17) of a wild-type IL-6; (18) an IL-12p35 variant that substitutes 
valine for the phen>ialarane residue at the position 13, 39, 82, 96, 116, 132, 150, 166 or 180 of an 
5 amino acid sequence (SEQ ID NO.: 18) of a wild-type IL-12p35; (19) a LPT variant that substitutes 
valine for the phenylalanine residue at the position 41 or 92 of an amino acid sequence (SEQ ID NO.: 
19) of a wild-type LPT; (20) a LIF variant that substitutes valine for the phenylalanine residue at ttie 
position 41, 52, 67, 70, 156 or 180 of an amino acid sequence (SEQ ID NO.: 20) of a wild-type LIF; 
(21) a M-CSF variant that substitutes valine for the phenylalanine residue at the position 35, 37, 54, 

10 67,91, 106, 121, 135, 143, 229, 255, 3 11, 439, 466 or 485 ofan amino acid sequence (SEQ ID NO.: 
21) of a wild-type M-CSF; (22) an OSM variant that substitutes valine for the phen>dalanine residue 
at ttie position 56, 70, 160, 169, 176 or 184 ofan amino add sequence (SEQ ID NO.: 22) of a wild- 
type OSM; (23) a PL variant that substitutes valine for ttie phenylalanine residue at tiie position 10, 
31,44, 52, 54, 92, 97, 146, 166, 176 or 191 ofan amino acid sequence (SEQ ID NO.: 23) of a wild- 

15 type PL; (24) a SCF variant that substitutes valine for the phenylalanine residue at the position 63, 
102, 110, 115, 116, 119, 126, 129, 158, 199, 205, 207 or 245 ofan amino acid sequence (SEQ ID 
NO.: 24) of a wild-type SCF; and (25) a TPO variant that substitutes valine for the phenylalanine 
residue at the position 46, 128, 131, 141, 186, 204, 240 or 286 of an amino acid sequence (SEQ ID 
NO.: 25) of a wild-type TPO. 

20 In another specific aspect, the present invention provides the following DNA molecules: (1) 

a DNA encoding a CNTF variant that substitutes valine for the phenylalanine residue at the position 
3, 83, 98, 105, 119, 152 or 178 of an amino acid sequence (SEQ ID NO.: l)ofa wild-type CNTF; (2) 
a DNA encoding an EPO variant that substitutes valine for the phenylalanine residue at the position 
48, 138, 142 or 148 of an amino add sequence (SEQ ID NO.: 2) of a wild-type EPO; (3) a DNA 

2 5 encoding a Flt3L variant that substitutes valine for the phenylalanine residue at ttie position 6, 1 5, 8 1 , 
87, 96 or 124 ofan amino acid sequence (SEQ ID NO.: 3) of a wild-type Flt3L; (4) a DNA encoding 
a G-CSF variant that substitutes valine for the phenylalanine residue at the position 13, 83, 1 13, 140, 
144 or 160 ofan amino acid sequence (SEQ ID NO.: 4) of a wild-type G-CSF; (5) a DNA encoding 
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a GM-CSF variant that substitutes valine for the phenylalanine residue at the position 47, 103, 106, 
113 or 119 of an amino acid sequaice (SEQ ID NO.: 5) of a wild-type GM-CSF; (6) a DNA 
encoding a'GH variant that substitutes valine for the phenylalanine residue at the position 1,10, 25, 
31, 44, 54, 92, 97, 139, 146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 6) of a wild- 
5 type GH; (7) a DNA encoding an IFN-a2A variant that substitutes valine for tiie phenylalanine 
, residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino acid sequence (SEQ ID 
NO.: 7) of a wild-type IFN-a2A; (8) aDNA encoding an IFN-a2B variant that substitutes valine for 
the phenylalanine residue at th? position 27, 36, 38, 43, 47; 64, 67, 84, 123 or 151 of an amino acid 
sequence (SEQ ID NO.: 8) of a wild-type IFN-oc2B; (9) a DNA encoding an lEN-P variant that 

10 substitutes valine for the phenylalanine residue at the position 8, 38, 50, 67, 70, 111 or 154 of an 
amino add sequence (SEQ ID NO.: 9) of a wild-type IFN-P; (10) a DNA encoding an IFN-y variant 
that substitutes valine for the phenylalanine residue at the position 18, 32, 55, 57, 60, 63, 84, 85, 95 or 
139 of an amino acid sequence (SEQ ID NO.: 10) of a wild-type IFN-y; (11) a DNA encoding an 
IFN-co variant that substitutes valine for the phenylalanine residue at the position 27, 36, 38, 65, 68, 

15 124 or 153 of an amino acid sequence (SEQ ID NO.: 11) of a wild-type IFNhd; (12) a DNA 
encoding an IFN-x variant that substitutes valine for the phenylalanine residue at flie position 8, 39, 
68, 71, 88, 127, 156, 157, 159 or 183 of an amino acid sequence (SEQ ID NO.: 12) of a wild-type 
IFN-x; (13) a DNA encoding an 11^2 variant that substitutes valine for the phenylalanine residue at 
the position 42, 44, 78, 103, 1 17 or 124 of an amino add sequence (SEQ ID NO.: 13) of a wild-type 

2 0 IL-2; (14) a DNA encoding an 11^3 variant that substitutes valine for the phenylalanine residue at the 
position 37, 61, 107, 113 or 133 of an amino acid sequence (SEQ ID NO.: 14) of a wild-type IL-3; 

(15) a DNA encoding an JLA variant that substitutes valine for the phenylalanine residue at the 
position 33, 45, 55, 73, 82 or 1 12 of an amino acid sequence (SEQ ID NO.: 15) of a wild-type lLr4; 

(16) a DNA encoding an IL-S variant that substitutes valine for the phenylalanine residue at the 
25 position 49, 69, 96 or 103 of an amino acid sequence (SEQ ID NO.: 16) of a wild-type IL-5; (17) a 

DNA encoding an IL-6 variant that substitutes valine for the phenylalanine residue at the position 73, 
77, 93, 104, 124, 169 or 172 of an amino add sequence (SEQ ID NO.: 17) of a wild-type rL-6; (18) a 
DNA encoding an IL-12p35 variant that substitutes valine for the phen>4alanine residue at the 
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position 13, 39, 82, 96, 116, 132, 150, 166 or 180 of an amino acid sequaice (SEQ ID NO.: 18) of a 
wild-type IL-12p35; (19) a DNA encoding a LPT variant tiiat substitutes valine for the phen>dalanine 
residue at the position 41 or 92 of an amino acid sequence (SEQ ID NO.: 19) of a wild-type LPT; 
(20) a DNA encoding a LEF variant that substitutes valine for the phenylalanine residue at the position 
5 41, 52, 67, 70, 156 or 180 of an amino acid sequence (SEQ ID NO.: 20) of a wild-type UF; (21) a 
DNA encoding a M-CSF variant that substitutes valine for the phenjdalanine residue at the position 
35, 37, 54, 67, 91, 106, 121, 135, 143, 229, 255, 311, 439, 466 or 485 of an amino acid sequence 
(SEQ ID NO.: 21) of a wild-type M-CSF; (22) a DNA encoding an OSM variant fliat substitutes 
valine for the phenylalanine residue at the position 56, 70, 160, 169, 176 or 184 of an amino acid 

10 sequence (SEQ ID NO.: 22) of a wild-type OSM; (23) a DNA encoding a PL variant fliat substitutes 
valine for ttie phenylalanine residue at the position 10, 31, 44, 52, 54, 92, 97, 146, 166, 176 or 191 of 
an amino acid sequence (SEQ ID NO.: 23) of a wild-type PL; (24) a DNA encoding a SCF variant 
that substitutes valine for the phenylalanine residue at the position 63, 102, 110, 1 15, 116, 1 19, 126, 
129, 158, 199,205,207 or 245of an amino acid sequence (SEQ ID NO.:24)ofawild-type SCF; and 

15 (25) a DNA encoding a TPO variant that substitutes valine for the phenylalanine residue at the 
position 46, 128, 131, 141, 186, 204, 240 or 286 of an amino add sequence (SEQ ID NO.: 25) of a 
wild-type TPO. 

In a fiirfher specific aspect, the present invention provides the following recombinant 
expression vectors: (1) a recombinant e?q)ression vector to which a DNA encoding a CNTF variant 

2 0 that substitutes valine for the phenylalanine residue at the position 3, 83, 98, 105, 1 19, 152 or 178 of 
an amino acid sequence (SEQ ID NO.: 1) of a wild-type CNTF is operably linked; (2) a recombinant 
expression vector to which a DNA encoding an EPO variant that substitutes valine for the 
phenylalanine residue at the position 48, 138, 142 or 148 of an amino acid sequence (SEQ ID NO.: 2) 
of a wild-type EPO is operably linked; (3) a recombinant expression vector to which a DNA 

2 5 encoding a FIGL variant that substitutes valine for the phenylalanine residue at the position 6, 1 5, 8 1 , 
87, 96 or 124 of an amino acid sequence (SEQ ID NO.: 3) of a wild-type FIGL is operably linked; (4) 
a recombinant expression vector to which a DNA encoding a G-CSF variant that substitutes valine 
for the phenylalanine residue at tiie position 13, 83, 1 13, 140, 144 or 160 of an amino acid sequence 
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(SEQ JD NO.: 4) of a wild-type G-CSF is operably linked; (5) a recombinant expression vector to 
which a DN A encoding a GM-CSF variant that substitutes valine for ttie phenjdalanine residue at the 
position 47, 103, 106, 113 or 1 19 of an amino acid sequence (SEQ ID NO.: 5) of a wild-type GM- 
CSF is operably linked; (6) a recombinant expression vector to vviiich a DNA encoding a GH variant 
that substitutes valine for the phenylalanine residue at the position 1, 10, 25, 31, 44, 54, 92, 97, 139, 
146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 6) of a wild-type GH is operably 
linked; (7) a recombinant expression vector to which a DNA encoding an IFN-<x2A variant that 
substitutes valine for the phenylalanine residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 
151 of an amino acid sequence (SEQ ID NO.: 7) of a wild-type IFN-oc2A is operably linked; (8) a 
recombinant e?q>ression vector to vviiich a DNA eucoding an IFN-cc2B variant that substitutes valine 
for the phenylalanine residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino 
acid sequence (SEQ ID NO.: 8) of a wild-type IFN-a2B is operably linked; (9) a recombinant 
expression vector to which a DNA encoding an IFN-p variant that substitutes valine for the 
phenylalanine residue at the position 8, 38, 50, 67, 70, 1 1 1 or 154 of an amino acid sequence (SEQ 
ID NO.: 9) of a wild-type IFN-P is operably linked; (10) a recombinant expression vector to which a 
DNA encoding an IFN-y variant that substitutes valine for the phenylalanine residue at the position 
18, 32, 55, 57, 60, 63, 84, 85, 95 or 139 of an amino acid sequence (SEQ ID NO.: 10) of a wild-type 
IFN-y is operably linked; (1 1) a recombinant e>q)ression vector to which a DNA encoding an IFN-co 
variant that substitutes valine for the phenjdalanine residue at the position 27, 36, 38, 65, 68, 124 or 
153 of an amino add sequence (SEQ ID NO.: 11) of a wild-type IFN-co is operably linked; (12) a 
recombinant expression vector to which a DNA encoding an IFN-t variant that substitutes valine for 
the phenylalanine residue at the position 8, 39, 68, 71, 88, 127, 156, 157, 159 or 183 of an amino add 
sequence (SEQ ID NO.: 12) of a wild-type IFN-x is operably linked; (13) a recombinant expression 
vector to which a DNA encoding an IL-2 variant fliat substitutes valine for the phenylalanine residue 
at the position 42, 44, 78, 103, 1 17 or 124 of an amino acid sequence (SEQ ID NO.: 13) of a wild- 
type IL-2 is operably linked; (14) a recombinant expression vector to which a DNA oicoding an IL-3 
variant that substitutes valine for the phenylalanine residue at the position 37, 61, 107, 1 13 or 133 of 
an amino acid sequence (SEQ ID NO.: 14) of a wild-type IL-3 is operably linked; (1 5) a recombinant 
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expression vector to which a DNA encoding an IL4 variant that substitutes valine for the 
phenylalanine residue at the position 33, 45, 55, 73, 82 or 112 of an amino acid sequence (SEQ ID 
NO.: 15) of a wild-type IL-4 is operably linked; (16) a recombinant expression vector to which a 
DNA encoding an IL-5 variant that substitutes valine for the phen>4alanine residue at the position 49, 
5 69, 96 or 103 of an ainino acid sequence (SEQ ID NO.: 16) of a wild-type IL-5 is operably linked; 
(17) a recombinant expression vector to which a DNA encoding an IL-6 variant that substitutes valine 
for the phenylalanine residue at the position 73, 77, 93, 104, 124, 169 or 172 of an amino acid 
sequence (SEQ ID NO.: 17) of a wild-type JLrS is operably linked; (18) a recombinant expression 
vector to which a DNA encoding an IL-12p35 variant that substitutes valine for die phenylalanine 
10 residue at the position 13, 39, 82, 96, 1 16, 132, 150, 166 or 180 of an amino acid sequence (SEQ ID 
NO.: 1 8) of a wild-type EL-12p35 is operably linked; (19) a recombinant expression vector to which a 
DNA encoding a IPT variant that substitutes valine for ttie phenylalanine residue at the position 41 or 
92 of an amino acid sequence (SEQ ID NO.: 19) of a wild-type LPT is operably linked; (20) a 
recombinant esqmession vector to which a DNA encoding a LIF variant that substitutes valine for the 
15 phenylalanine residue at the position 41, 52, 67, 70, 156 or 180 of an amino acid sequence (SEQ ID 
NO.: 20) of a wild-type LIF is operably linked; (21) a recombinant expression vector to which a 
DNA encoding a M-CSF variant that substitutes valine for the phenylalanine residue at the position 
35, 37, 54, 67, 91, 106, 121, 135, 143, 229, 255, 311, 439, 466 or 485 of an amino acid sequence 
(SEQ ID NO.: 21) of a wild-type M-CSF is operably linked; (22) a recombinant e>q)ression vector to 
2 0 which a DNA encoding an OSM variant that substitutes valine for the phenylalanine residue at the 
position 56, 70, 160, 169, 176 or 184 of an amino acid sequence (SEQ ID NO.: 22) of a wild-type 
OSM is operably linked; (23) a recombinant expression vector to which a DNA encoding a PL 
variant ttiat substitutes valine for the phm>ialanine residue at the position 10, 31, 44, 52, 54, 92, 97, 
146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 23) of a wild-type PL is operably 
2 5 linked; (24) a recombinant expression vector to which a DNA encoding a SCF variant that substitutes 
valine for the phenylalanine residue at the position 63, 102, 1 10, 1 15, 1 16, 119, 126, 129, 158, 199, 
205, 207 or 245 of an amino acid sequence (SEQ ID NO.: 24) of a wild-type SCF is operably linked; 
and (25) a recombinant expression vector to which a DNA encoding a TPO variant that substitutes 
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valine for the ph^ylalanine residue at the position 46, 128, 131, 141, 186, 204, 240 or 286 of an 
amino add sequaice (SEQ ID NO.: 25) of a wild-type TPO is oporably linked 

In yet another specific aspect, the present invoition provides ttie following host cells: (1) a 
host cell transformed or transfected with a recombinant expression vector to which a DNA encoding 
a CNTF variant that substitutes valine for the phenylalanine residue at the position 3, 83, 98, 105, 119, 
152 or 178 of an amino acid sequence (SEQ ID NO.: 1) of a wild-type CNTF is operably linked; (2) 
a host cell transformed or transfected with a recombinant egression vector to v^ch a DNA 
encoding an EPO variant that substitutes valine for the phenylalanine residue at the position 48, 138, 
142 or 148 of an amino acid sequence (SEQ ID NO.: 2) of a wild-type EPO is operably linked; (3) a 
host cell transfonned or transfected with a recombinant expression vector to which a DNA encoding 
a Flt3L variant fliat substitutes valine for the phenylalanine residue at the position 6, 15, 81 , 87, 96 or 
124 of an amino acid sequence (SEQ ID NO.: 3) of a wild-type Flt3L is operably linked; (4) a host 
cell transformed or transfected with a recombinant expression vector to which a DNA encoding a G- 
CSF variant that substitutes valine for the phenylalanine residue at the position 13, 83, 1 13, 140, 144 
or 160 of an amino acid sequence (SEQ ID NO.: 4) of a wild-type G-CSF is operably linked; (5) a 
host cell transformed or transfected with a recombinant expreission vector to which a DNA encoding 
a GM-CSF variant that substitutes valine for the phenylalanine residue at the position 47, 103, 106, 
1 13 or 1 19 of an amino acid sequence (SEQ ID NO.: 5) of a wild-type GM-CSF is operably linked; 
(6) a host cell transfomied or transfected with a recombinant expression vector to which a DNA 
encoding a GH variant that substitutes valine for the phenylalanine residue at the position 1, 10, 25, 
31, 44, 54, 92, 97, 139, 146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 6) of a wild- 
type GH is operably linked; (7) a host cell transfonned or transfected with a recombinant expression 
vector to which a DNA encoding an IFN-ctZA variant that substitutes valine for the phenylalanine 
residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino acid sequence (SEQ ID 
NO.: 7) of a wild-type IFN-a2A is operably linked; (8) a host cell transformed or transfected with a 
recombinant expression vector to which a DNA encoding an IFN-a2B variant that substitutes valine 
for the phenylalanine residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino 
acid sequence (SEQ ID NO.: 8) of a wild-type IFN-cc2B is operably linked; (9) a host cell 
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transformed or transfected with a recombinant expression vector to which a DNA encoding an IFN-P 
variant that substitutes valine for the phenjdalanine residue at the position 8, 38, 50, 67, 70, 1 1 1 or 1 54 
of an amino arid sequence (SEQ ID NO.: 9) of a wild-type IFN-p is operably linked; (10) a host cell 
transformed or transfected with a recombinant expression vector to which a DNA encoding an IFN-y 
5 variant that substitutes valine for the phenylalanine residue at the position 18, 32, 55, 57, 60, 63, 84, 
85, 95 or 139 of an amino arid sequence (SEQ ID NO.: 10) of a wild-type IFN-y is opa:ably linked; 
(1 1) a host cell transfonned or transfected witii a recombinant expression vector to \^ch a DNA 
encoding an IFN-co variant that substitutes valine for the phenylalanine residue at the position 27, 36, 
38, 65, 68, 124 or 153 of an amino acid sequence (SEQ ID NO.: 1 1) of a wild-type IFN-co is operably 

1 0 linked; (12) a host cell transfomied or transfected with a recombinant expression vector to which a 
DNA encoding an BFN-x variant that substitutes valine for the phenylalanine residue at the position 8, 
39, 68, 71, 88, 127, 156, 157, 159 or 183 of an amino acid sequence (SEQ ID NO.: 12) of a wild-type 
IFN-T is operably linked; (13) a host cell transformed or transfected with a recombinant expression 
vector to which a DNA encoding an 11^2 variant that substitutes valine for the phenylalanine residue 

15 at the position 42, 44, 78, 103, 117 or 124 of an amino arid sequence (SEQ ID NO.: 13) of a wild- 
type IL-2 is operably linked; (14) a host cell transformed or transfected with a recombinant 
expression vector to which a DNA encoding an 11^3 variant that substitutes valine for the 
phenylalanine residue at the position 37, 61, 107, 113 or 133 of an amino acid sequence (SEQ ID 
NO.: 14) of a wild-type IL-3 is operably linked; (15) a host cell transformed or transfected with a 

2 0 recombinant expression vector to which a DNA encoding an IL-4 variant that substitutes valine for 
the phenylalanine residue at the position 33, 45, 55, 73, 82 or 1 12 of an amino acid sequence (SEQ 
ID NO.: 15) of a wild-type IL-4 is operably linked; (16) a host cell transformed or transfected with a 
recombinant expression vector to which a DNA encoding an 11^5 variant that substitutes valine for 
the phenylalanine residue at the position 49, 69, 96 or 103 of an amino arid sequmce (SEQ ID NO.: 

25 16) of a wild-type IL-5 is operably linked; (17) a host ceU transfonned or transfected with a 
recombinant expression vector to which a DNA encoding an IL-6 variant that substitutes valine for 
the phenylalanine residue at the position 73, 77, 93, 104, 124, 169 or 172 of an amino acid sequence 
(SEQ ED NO.: 17) of a wild-type IL-6 is operably linked; (18) a host cell transformed or transfected 
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with a recombinant expression vector to which a DNA encoding an IL-12p35 variant that substitutes 
valine for the phenylalanine residue at the position 13, 39, 82, 96, 116, 132, 150, 166 or 180 of an 
amino acid sequence (SEQ ID NO.: 18) of a wild-type IL-12p35 is operably linked; (19) a host cell 
transfonned or transfected with a recombinant expression vector to which a DNA encoding a LPT 
variant that substitutes valine for the phenylalanine residue at the position 41 or 92 of an amino acid 
sequence (SEQ ID NO.: 19) of a wild-type LPT is opodjly linked; (20) a host cell transformed or 
transfected with a recombinant expression vector to \?s4iich a DNA encoding a UF variant that 
substitutes valine for the phenylalanine residue at the position 41, 52, 67, 70, 156 or 180 of an amino 
acid sequence (SEQ ID NO.: 20) of a wild-type LIF is operably linked; (21) a host cell transformed 
or transfected with a recombinant expression vector to which a DNA encoding a M-CSF variant that 
substitutes valine for the phaijlalanine residue at the position 35, 37, 54, 67, 91, 106, 121, 135, 143, 
229, 255, 311, 439, 466 or 485 of an amino acid sequence (SEQ ID NO.: 21) of a wild-type M-CSF 
is operably linked; (22) a host cell transformed or transfected with a recombinant expression vector to 
which a DNA encoding an OSM variant that substitutes valine for tiie phenylalanine residue at the 
position 56, 70, 160, 169, 176 or 184 of an amino acid sequence (SEQ ID NO.: 22) of a wild-type 
OSM is operably linked; (23) a host cell transformed or transfected with a recombinant expression 
vector to which a DNA encoding a PL variant that substitutes valine for the phenylalanine residue at 
the position 10, 3 1, 44, 52, 54, 92, 97, 146, 166, 176 or 191 of an amino add sequence (SEQ ID NO.: 
23) of a wild-type PL is operably linked; (24) a host cell transformed or transfected with a 
recombinant expression vector to which a DNA encoding a SCF variant that substitutes valine for the 
phenylalanine residue at the position 63, 102, 110, 115, 116, 119, 126, 129, 158, 199,205, 207or245 
of an amino acid sequence (SEQ ID NO.: 24) of a wild-type SCF is operably linked; and (25) a host 
cell transformed or transfected with a recombinant ©q)ression vector to which a DNA encoding a 
TPO variant that substitutes valine for the phenylalanine residue at the position 46, 128, 131, 141, 
186, 204, 240 or 286 of an amino acid sequence (SEQ ID NO.: 25) of a wild-type TPO is operably 
linked 

In still another specific aspect, the present invention provides the following methods of 
prqjaring a protein variant: (1) a method of preparing a protein variant, comprising cultivating a host 
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cell transformed or transfected with a recombinant expression vector to which a DNA encoding a 
CNTF variant that substitutes valine for the phoiylalanine residue at the position 3, 83, 98, 105, 1 19, 
1 52 or 178 of an amino acid sequmce (SEQ ID NO.: 1) of a wild-type CNTF is opOTbly linked, and 
isolating the protein variant &om a resulting culture; (2) a method of preparing a protein variant, 
5 conprising cxiltivating a host cell transformed or transfected with a recombinant expression vector to 
which a DNA encoding an EPO variant that substitutes valine for the phenylalanine residue at the 
position 48, 138, 142 or 148 of an amino arid sequence (SEQ ID NO.: 2) of a wild-type EPO is 
operably linked, and isolating the protein variant fiom a resulting culture; (3) a method of preparing a 
protein variant, comprising cultivating a host cell transformed or transfected with a recombinant 

10 expression vector to which a DNA mcoding a Flt3L variant that substitutes valine for the 
phenylalanine residue at tiie position 6, 15, 81, 87, 96 or 124 of an amino acid sequence (SEQ ID 
. NO.: 3) of a wild-type Flt3L is operably linked, and isolating the protein variant fiom a resulting 
culture; (4) a method of preparing a protein variant, comprising cultivating a host cell transformed or 
transfected with a recombinant expression vector to which a DNA encoding a G-CSF variant that 

15 substitutes valine for the phenylalanine residue at the position 13, 83, 113, 140, 144 or 160 of an 
amino add sequence (SEQ ID NO.: 4) of a wild-type G-CSF is operably linked, and isolating the 
protein variant fiom a resulting culture; (5) a method of preparing a protein variant, comprising 
cultivating a host cell transfomied or transfected with a recombinant expression vector to which a 
DNA encoding a GM-CSF variant that substitutes valine for tiie phenylalanine residue at the position 

20 47, 103, 106, 113 or 119 of an amino arid sequence (SEQ ID NO.: 5) of a wild-type GM-CSF is 
operably linked, and isolating the protein variant fix)m a resulting culture; (6) a method of preparing a 
protein variant, comprising cultivating a host cell transformed or transfected with a recombinant 
expression vector to which a DNA encoding a GH variant that substitutes valine for the 
phenylalanine residue at the position 1, 10, 25, 31, 44, 54, 92, 97, 139, 146, 166, 176 or 191 of an 

2 5 amino acid sequence (SEQ ID NO.: 6) of a wild-type GH is operably linked, and isolating the protein 
variant fiom a resulting culture; (7) a method of preparing a protein variant, comprising cultivating a 
host cell transformed or transfected with a recombinant expression vector to which a DNA encoding 
an IFN-a2A variant that substitutes valine for the phenylalanine residue at the position 27, 36, 38, 43, 
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47, 64, 67, 84, 123 or 151 of an amino acid sequence (SEQ ID NO.: 7) of a wild-type IFN-a2A is 
operably linked, and isolating the protdn variant from a resulting culture; (8) a method of prq)aring a 
protein variant, comprising cultivating a host ceU transfonned or transfected with a recombinant 
expression vector to which a DNA encoding an IFN-a2B variant ttiat substitutes valine for ttie 
5 phenylalanine residue at the position 27, 36, 38, 43, 47, 64, 67, 84, 123 or 151 of an amino acid 
sequence (SEQ ID NO.: 8) of a wild-type IFN-a2B is operably linked, and isolating tiie protein 
variant from a resulting culture; (9) a method of preparing a protein variant, comprising cultivating a 
host cell transfonned or transfected with a recombinant expression vector to which a DNA encoding 
an IFN-P variant that substitutes valine for the phaiylalanine residue at the position 8, 38, 50, 67, 70, 

10 1 1 1 or 154 of an amino acid sequence (SEQ ID NO.: 9) of a wild-type IFN-p is operably linked, and 
isolating flie protein variant from a resulting culture; (10) a method of preparing a protein variant, 
comprising cultivating a host cell transformed or transfected with a recombinant expression vector to 
which a DNA encoding an IFN-y variant that substitutes valine for the phenylalanine residue at the 
position 18, 32, 55, 57, 60, 63, 84, 85, 95 or 139 of an amino add sequence (SEQ ID NO.: 10) of a 

15 wild-type IFN-y is operably linked, and isolating the protein variant ftom a resulting culture; (1 1) a 
method of preparing a protein variant, comprising cultivating a host cell transfonned or transfected 
with a recombinant expression vector to which a DNA encoding an IFN-co variant that substitutes 
valine for the phenylalanine residue at the position 27, 36, 38, 65, 68, 124 or 153 of an amino acid 
sequence (SEQ ID NO.: 1 1) of a wdld-type IFN-co is operably linked, and isolating the protein variant 

2 0 &om a resulting culture; (12) a method of preparing a protein variant, conq>rising cultivating a host 
cell transformed or transfected with a recombinant expression vector to which a DNA encoding an 
IFN-T variant that substitutes valine for the phenylalanine residue at the position 8, 39, 68, 71, 88, 127, 
156, 157, 159 or 183 of an amino acid sequence (SEQ ID NO.: 12) of a wild-type IFN-x is operably 
linked, and isolating the protein variant fiom a resulting culture; (13) a method of preparing a protein 

25 variant, comprising cultivating a host cell transformed or transfected with a recombinant expression 
vector to which a DNA encoding an 11^2 variant that substitutes valine for the phenylalanine residue 
at the position 42, 44, 78, 103, 1 17 or 124 of an amino acid sequence (SEQ ED NO.: 13) of a wild- 
type 11^2 is opCTably linked, and isolating the protein variant fiom a resulting culture; (14) a metiiod 
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of prqjaring a protdn variant, comprising cultivating a host cell transfonned or transfected with a 
recombinant expression vector to which a DNA encoding an JLr3 variant that substitutes valine for 
the phenylalanine residue at the position 37, 61, 107, 1 13 or 133 of an amino acid sequence (SEQ ID 
NO.: 14) of a wild-type IL-3 is oporably linked, and isolating flie protein variant fiom a resulting 
5 culture; (1 5) a method of preparing a protein variant, con^rising cultivating a host cell transformed or 
transfected with a recombinant expression vector to which a DNA oicoding an EL4 variant that 
substitutes valine for the phenylalanine residue at the position 33, 45, 55, 73, 82 or 112 of an amino 
acid sequence (SEQ ID NO.: 15) of a wild-type IL-4 is operably linked, and isolating the protein 
variant from a resulting culture; (1 6) a method of preparing a protein variant, comprising cultivating a 

10 host ceU transfonned or transfected with a recombinant expression vector to which a DNA encoding 
an IL-5 variant that substitutes valine for the phOTylalanine residue at the position 49, 69, 96 or 103 of 
an amino acid sequence (SEQ ID NO.: 16) of a wild-type IL-5 is operably linked, and isolating the 
protein variant fiom a resulting culture; (17) a method of preparing a protein variant, comprising 
cultivating a host cell transfonned or transfected witii a recombinant expression vector to which a 

1 5 DNA encoding an ILr6 variant tiiat substitutes valine for the phenylalanine residue at the position 73, 
77, 93, 104, 124, 169 or 172 of an amino acid sequence (SEQ ID NO.: 17) of a wild-type IL-6 is 
operably linked, and isolating the protein variant fiom a resulting culture; (1 8) a method of preparing 
a protein variant, comprising cultivating a host cell transformed or transfected with a recombinant 
expression vector to which a DNA encoding an IL-12p35 variant that substitutes valine for the 

20 phenylalanine residue at the position 13, 39, 82, 96, 116, 132, 150, 166 or 180 of an amino acid 
sequence (SEQ ID NO.: 18) of a wild-type IL-12p35 is operably linked, and isolating the protein 
variant fix)m a resulting culture; (19) a method of prqjaring a protein variant, comprising cultivating a 
host cell transfonned or transfected with a recombinant expression vector to which a DNA encoding 
a LPT variant fliat substitutes valine for the phenylalanine residue at tiie position 41 or 92 of an amino 

25 acid sequence (SEQ ID NO.: 19) of a wild-type LPT is operably linked, and isolating the protein 
variant fiom a resulting culture; (20) a method of prq^aring a protein variant, comprising cultivating a 
host cell transformed or transfected with a recombinant expression vector to which a DNA encoding 
a LIF variant that substitutes valine for the phenylalanine residue at the position 41 , 52, 67, 70, 1 56 or 

30 



^":T/KR2004/001246 

KR/RO 30.09.2004 



1 80 of an amino acid sequence (SEQ ID NO.: 20) of a wild-type LIF is operably linked, and isolating 
the protein variant fiom a resulting culture; (21) a method of preparing a protein variant, comprising 
cultivating a host ceD transformed or transfected with a recombinant e3q>ression vector to which a 
DNA CTicoding a M-CSF variant that substitutes valine for the phenjdalanine residue at the position 
5 35, 37, 54, 67, 91, 106, 121, 135, 143, 229, 255, 311, 439, 466 or 485 of an amino acid sequence 
(SEQ ID NO.: 21) of a wild-type M-CSF is oparably linked, and isolating the protein variant Sx>m a 
resulting culture; (22) a method of preparing a protein variant, con^rising cultivating a host cell 
transformed or transfected with a recombinant expression vector to which a DNA encoding an OSM 
variant that substitutes valine for flie phoiylalanine residue at the position 56, 70, 1 60, 1 69, 1 76 or 1 84 

10 of an amino add sequence (SEQ ID NO.: 22) of a wild-type OSM is operably linked, and isolating 
the protein variant fix)m a resulting culture; (23) a method of preparing a protein variant, conqnising 
cultivating a host cell transformed or transfected with a recombinant repression vector to which a 
DNA encoding a PL variant that substitutes valine for the phenylalanine residue at the position 1 0, 3 1 , 
44, 52, 54, 92, 97, 146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 23) of a wild-type 

15 PL is operably linked, and isolating flie protein variant &om a resulting culture; (24) a method of 
preparing a protdn yariant, comprising cultivating a host cell transformed or transfected with a 
recombinant expression vector to which a DNA encoding a SCF variant that substitutes valine for the 
phenylalanine residue at the position 63, 102, 110, 115, 116, 119, 126, 129, 158, 199,205, 207 or 245 
of an amino acid sequence (SEQ ID NO.: 24) of a wild-type SCF is operably linked, and isolating flie 

2 0 protein variant fiom a resulting culture; and (25) a method of preparing a protein variant, comprising 
cultivating a host cell transformed or transfected with a recombinant expression vector to which a 
DNA encoding a TPO variant that substitutes valine for the phenylalanine residue at the position 46, 
128, 131, 141, 186, 204, 240 or 286 of an amino acid sequmce (SEQ ID NO.: 25) of a wild-type 
TPO is opCTably linked, and isolating flie protein variant fiom a resulting culture. 

25 In still another specific aspect, the present invention provides the following pharmaceutical 

compositions: (1) a pharmaceutical composition comprising a CNTF variant that substitutes valine 
for the phenylalanine residue at the position 3, 83, 98, 105, 119, 152 or 178 of an amino acid 
sequence (SEQ ID NO.: 1) of a wild-type CNTF and a phannaceutically accqjtable carrier, (2) a 
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pharmaceutical composition comprising an EPO variant that substitutes valine for the phenylalanine 
residue at the position 48, 138, 142 or 148 of an amino acid sequence (SEQ ID NO.: 2) of a wild-type 
EPO and a phamiaceutically accqjtable canio", (3) a pharmaceutical conqx>sition con^rising a FltSL 
variant that substitutes valine for the phenylalanine residue at the position 6, 1 5, 8 1 , 87, 96 or 1 24 of 
5 an amino acid sequence (SEQ ID NO.: 3) of a wild-type Flt3L and a pharmaceutically acceptable 
carrier, (4) a phamiaceutical composition comprising a G-CSF variant ttiat substitutes valine for flie 
phenylalanine residue at the position 13, 83, 1 13, 140, 144 or 160 of an amino acid sequaice (SEQ 
ID NO,: 4) of a wild-type G-CSF and a phamiaceutically acceptable carrier, (5) a phamiaceutical 
composition comprising a GM-CSF variant that substitutes valine for the phenylalanine residue at the 

10 position 47, 103, 106, 113 or 119 of an amino add sequence (SEQ ID NO,: 5) of a wild-type GM- 
CSF and a pharmaceutically accq>table carrier, (6) a pharmaceutical conLq)Osition comprising a GH 
variant that substitutes valine for the phenjdalanine residue at the position 1, 10, 25, 31, 44, 54, 92, 97, 
139, 146, 166, 176 or 191 of an amino acid sequence (SEQ ID NO.: 6) of a wild-type GH and a 
phamiaceutically accqjtable carrier, (7) a pharmaceutical composition conqnising an IFN-a2A 

15 variant that substitutes valine for the phenylalanine residue at the position 27, 36, 38, 43, 47, 64, 67, 
84, 123 or 151 of an amino acid sequence (SEQ ID NO.: 7) of a wild-type IFN-C£2A and a 
pharmaceutically acceptable carrier, (8) a pharmaceutical con^sition conprising an IFN-a2B 
variant that substitutes valine for the phenylalanine residue at the position 27, 36, 38, 43, 47, 64, 67, 
84, 123 or 151 of an amino acid sequence (SEQ ID NO.: 8) of a wild-type JFN-olB and a 

20 phamiaceutically acceptable carrier, (9) a phamiaceutical composition comprising an IFN-p variant 
that substitutes valine for the phenylalanine residue at the position 8, 38, 50, 67, 70, 1 1 1 or 154 of an 
amino acid sequence (SEQ ID NO.: 9) of a wild-type IFN-p and a pharmaceutically acceptable 
carrier, (1 0) a pharmaceutical composition conprising an IFN-y variant that substitutes valine for the 
phenylalanine residue at the position 18, 32, 55, 57, 60, 63, 84, 85, 95 or 139 of an amino acid 

25 sequence (SEQ ID NO.: 10) of a wild-type IFN-y and a pharmaceutically acceptable carrier, (1 1) a 
pharmaceutical composition comprising an IFN-co variant that substitutes valine for the 
phenylalanine residue at the position 27, 36, 38, 65, 68, 124 or 153 of an amino acid sequmce (SEQ 
ID NO.: 1 1) of a wild-type IFN-co and a phamiaceutically acceptable carrio", (12) a phamiaceutical 
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composition comprising an IFN-x variant that substitutes valine for the phen>dalanine residue at the 
position 8, 39, 68, 71, 88, 127, 156, 157, 159 or 183 of an amino acid sequaice (SEQ ID NO,: 12) of 
a wild-type IFN-x and a phamiaceutically acceptable carrier, (13) a phannaceutical conq)osition 
comprising an IL-2 variant that substitutes valine for flie phenjdalanine residue at the position 42, 44, 
5 78, 103, 117 or 124 of an amino acid sequence (SEQ ID NO.: 13) of a wild-type 11^2 and a 
phamiaceutically acceptable earner, (14) a pharmaceutical con9x>sition comprising an 11^3 variant 
that substitutes valine for the phmjdalanine residue at the position 37, 61, 107, 113 or 133 of an 
amino acid sequence (SEQ ID NO.: 14) of a wild-type IL^3 and a phamiaceutically acceptable 
carrier, (15) a phannaceutical composition comprising an IL-4 variant that substitutes valine for the 

10 phenylalanine residue at the position 33, 45, 55, 73, 82 or 1 12 of an amino acid sequence (SEQ ID 
NO.: 15) of a wild-type IL-4 and a phamiaceutically acceptable earner, (16) a pharmaceutical 
composition comprising an IL-5 variant that substitutes valine for the phen>dalanine residue at the 
position 49, 69, 96 or 103 of an amino acid sequence (SEQ ID NO.: 16) of a wild-type IL-5 and a 
phamiaceutically accq)table carrier, (17) a phannaceutical conqx)sition comprising an ILr6 variant 

15 that substitutes valine for the phenylalanine residue at the position 73, 77, 93, 104, 124, 169 or 172 of 
an amino acid sequence (SEQ ID NO.: 17) of a wild-type ILr6 and a pharmaceutically acceptable 
carrier, (1 8) a phannaceutical composition comprising an IL-12p35 variant that substitutes valine for 
the phenylalanine residue at the position 13, 39, 82, 96, 116, 132, 150, 166 or 180 of an amino acid 
sequence (SEQ ID NO.: 18) of a wild-type IL-1^35 and a phamiaceutically accq)table earner, (19) 

20 a phannaceutical composition comprising a LPT variant that substitutes valine for the phenjdalanine 
residue at the position 41 or 92 of an amino acid sequence (SEQ ID NO.: 19) of a wild-type LPT and 
a pharmaceutically acceptable carri^; (20) a phannaceutical con^osition con:5>rising a LIF variant 
that substitutes valine for the phenylalanine residue at the position 41, 52, 67, 70, 156 or 180 of an 
amino acid sequence (SEQ ID NO.: 20) of a wild-type LIF and a pharmaceutically acceptable carrier, 

25 (21) a phannaceutical composition comprising a M-CSF variant that substitutes valine for the 
phenylalanine residue at the position 35, 37, 54, 67, 91, 106, 121, 135, 143, 229, 255, 311, 439, 466 or 
485 of an amino acid sequence (SEQ ID NO.: 21) of a wild-type M-CSF and a pharmaceutically 
accqjtable carrier, (22) a phannaceutical composition comprising an OSM variant that substitutes 
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valine for the phenylalanine residue at the position 56, 70, 160, 169, 176 or 184 of an amino acid 
sequence (SEQ ID NO.: 22) of a wild-type OSM and a pharmaceutically acceptable caniCT; (23) a 
phannaceutical composition comprising a PL variant that substitutes valine for the phenylalanine 
residue at the position 10, 31, 44, 52, 54, 92, 97, 146, 166, 176 or 191 of an amino add sequence 
(SEQ ID NO.: 23) of a wild-type PL and a phannaceutically accq)table canier, (24) a phannaceutical 
conqxjsition conq)rising a SCF variant that substitutes valine for the phenjdalanine residue at the 
position 63, 102, 1 10, 1 15, 1 16, 1 19, 126, 129, 158, 199, 205, 207 or 245 of an amino acid sequence 
(SEQ ID NO.: 24) of a wild-type SCF and a phannaceutically accq)table carrier, and (25) a 
phannaceutical composition comprising a TPO variant that substitutes valine for the phenylalanine 
residiie at the position 46, 128, 131, 141, 186, 204, 240 or 286 of an amino acid sequence (SEQ ID 
NO.: 25) of a wild-type TPO and a phannaceutically acceptable carrier. 

The present purpose to inqjrove flie efficacy in modulating biological responses was 
accomplished in the following examples using TPO, EPO, G-CSF and GH. It will be apparent to 
those skilled in the art that the following examples are provided only to illxistrate the present invention, 
and the scope of the present invention is not limited to the exarrqjles. 

Example 1. Constmction of DNA coding wild type TPO/EPO/G-CSF/GH 

A. Construction of DNA coding wild type TPO 

750;^ of TRIzol reagait(MRC.,USA) was added to bone marrow tissue in a 
micTocentrifiige tube and incubated at room tenperature for 5 minutes. lOOfd of chloroform was 
added into the tube and then the tube was shaken vigorously for 1 5 seconds. After incubating the tube 
at room temperature for 2-3 minutes, it was cmtrifuged at 15,00Qipm for 15 minutes at 4TC. The 
upper phase was transferred to a 1.5mA tube and SOOfd of isopropanol was added The sample was 
incubated at -70TC for 30 minutes and centrtfiiged at 15,00Qrpm for 15 minutes at 4TC. After 
discarding supernatant, RNA pellet was washed once with 75% DEPC-ethanol by vortexing and 
centrifuged at 15,000ipm for 15 minutes at 4*C. The siqDmiatant was removed and the RNA pellet 
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was dried for 5 minvites at room tenperature and then the pellet was dissolved in SOfd of DEPC- 
trcatedB'' distilled wat^. 

2/ig of mRNA purified as above and Ifd of oligo dT30 primer(10 jjM, Promega, USA) 
were mixed and heated at 70 TC for 2 minutes and then it was immediately cooled on ice for 2 minutes. 
5 Ai&eai that, this reaction mixture was added with 200U M-MLV reverse transcriptase(Promeg9, USA), 
10ll^ of 5X reaction buflFer(25QmM Tris-HCl, pH 8.3, 375niM KCl, 15mM MgPz, 5QnM DTT), 1/d 
ofdNTP(lQmMdATP, lOmMdTTP, IQmMdGTP, lOmM water was 

added to make the total volume of 50fd. Afio- mixing gently, the reaction mixture was incubated at 
42 *C for 60 minutes. 

10 To amphfy cDNA coding wild type TPO, the first strand cDNA as taiplate, prima: 1 and 

primer 2 (Table 1) were added into a PGR tube inclxiding 2U of pju DNA polymerase(Stratagene, 
USA), lOfd of lOX reaction buffer, 1% Triton X-100, Img^ml BSA, 3/d of prima: 1(10 tiM), 3jui 
of primer 2(10 uM), 2id of dNTP(10mM dATP, lOmM dTTP, lOmM dGTP, lOmM dCTP), and 
distilled wata* was added to make the total volume of lOOjC^. The PGR reaction condition was as 
15 follows; 1 cycle at 95*C for 3 minvrtes, and ttim 30 cycles at 95TC for 30 seconds, at 52 TC for 1 
minute, and at 72*0 for 1.5 minutes, and finally 1 cycle at 72^0 for 10 nunutes to make PCR product 
with coiiq)letely blunt end. 

The PGR product obtained was sq^arated in 0.8% agarose gel(BMA, USA) and was purified 
wifli Qiaex n gel extraction kit (Qiagai, USA). Aflo: the isolated DNA was mixed with 15U of 
20 £09721, lOU of M?/I, 3/^^ of lOX reaction buffer and 3" distilled wata- was added to make the total 
volume of 30/z€, DNA was restricted by incubation at 37*0 for 2 hours. The PCR product was 
separated in 0.8% agarose gel and was purified with Qiaex 11 ^1 extraction kit 

After Sfig of pBluescr^t KS n(+) vector was mixed with 15U of EcoJO, lOU ofNotI , 3u& 
of lOX reaction buffer and 3" distilled wato" was added to make flie total volume of 30//£, DNA was 
25 restricted by incubation at 37*0 for 2 hours. The restricted pBluescript KS II(+) vector was 
separated iQ 0.8% agarose gel and was purified with Qiaex 11 gel extraction kit 

lOOng of the digested pBluesoipt KS 11 (+) vector was lighted with 20ng of the PCR product 
which was digested with same enzymes. This lig9tion mixture was incubated at 16lC water bath for 
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16 hours, thus producing a recombinant vector comprising cDNA coding wild type TPO. Then, it 
was transformed into a Kcoli ToplO(fiivitrog«i, USA) which was made to a conpetmt ceU by 
rubidium diloride method. Hie transformed bacteria was cultured on LB ag^r plate containing 
SQiiE/ml of an:qDicillin(Sigma, USA). After ovemi^t incubation, colonies waie transferred into tubes 
5 with 3iii£ of LB medium containing 50/ig^M arrpidllin and then they were cultured at 37 for 16 
hours. Plasmid was isolated fiom the cultured bacteria with alkaline lysis method and the restriction of 
EcoIQINotl was used to detect inclusion of cloned gaie in the plasmid. 

B. Constmction of DNA coding wild type EPO 

1 0 Procedure of cloning DNA coding wild type EPO was basically same to that used for cloning 

DNA coding wild type TPO. 

The first strand cDNA as template, primer 11 and primer 12 (Table2) waie used for PGR 

amplification of DNA coding wild type EPO. The PGR product and cloning vector, pBluescript KS 

n(+) were digested with both EcoRL and BamHl endonucleases. The digested PGR product and 
15 cloning vector were ligated and transformed into competent cell, Ecoli ToplOCfavitrog^ USA). 

Plasmid was isolated 6om the cultured bacteria with alkaline lysis mdhod and the restriction of 

EcoKUBamHl was used to detect existence of cloned gene in the plasmid 

C. Constmction of DNA coding wild type G-CSF 

20 Gonstmction procedure of DNA coding wild type G-GSF was similar to that used for DNA 

coding wild type TPO. 

Leukocytes 6om healthy people were used for the mRNA extraction, and primers 21 and 22 
(Table 3) were used for PGR anq)lification of cDNA coding wild type G-CSR Both the PGR prcxhict 
and cloning vector, pBluescript KS n(+) were digested with Smal and EcoRl endonuclease. The 
25 digested PGR product and cloning vector were ligated and transformed into competent cell, Ecoli 
ToplO(Invitrogen, USA). Plasmid was isolated Scorn the cultured bacteria with alkaline lysis method 
and the restriction of SmaV EcoRL was used to detect existmce of cloned gene in the plasmid 
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D. Construction of DNA coding wild type GH 

DNA coding wild type GH was purchased from ATCC(ATCC No. 67097). To add leader 
sequmce to N-taminal end of this cDNA, primer 35 and 36 (Table 4) were used for PGR- In oider 
to make conq^lete cDNA coding wild type GH linked to the leader sequence, secondary PGR was 
earned out using primers 37 and 38 (Table 4). The PGR product and cloning vector, pBluescript KS 
II(+) woe digested with EcoRl and HindlR aidonuclease. Plasmid was isolated fiom the cultured 
bacteria with alkaline lysis method and the restriction of EcoRVHindni was used to ddbsct existence of 
cloned gene in the plasmid 

Example 2. Gonstruction of cDNA coding TPO/EPO/G-GSF/GH muteins 

A Gbnstruction of cDNAs coding TPO muteins 

Four muteins of TPO, TPO-[F46V], TPO-[F128V], TPO-[F131V] and TPO-[F141V] were 
constructed according to procedures as follows to have a single amino acid-substitution fiom 
phenylalanine to valine at each positions, respectively. 



<rable 1> 

Primers used in constmcting cDNAs coding TPO- wild type and muteins 



Primer No. 


Nucleotide sequence 


Sequence No. 


1 


Wild type TPO 


Sense 


5'-0GGAATIOXfATGGAGCraACrc^ 


26 


2 


Antisense 


5'-TTrAGCGGCX:GCATIXnTA(XCTTXD^^ 
3' 


27 


3 


TPO-PF46V] 


Sense 


T3 




4 


Antisense 


5'<X::AAGCTAACGTO:ACAGCAa'3' 


28 


5 


TPO-[F128V] 


Sense 


T3 




6 


antisense 


S'-GCrCAGGACGATGGCAT-J 


29 


7 


TPO-PF131V] 


Sense 


T3 




8 


antisense 


5'-GGroiTGGACX3CrCAGGAAGATG-3' 


30 


9 


TPa[F141V] 


Sense 


T3 




10 


antisense 5-CATCAGGACACXjCA(XTrnXDC-3' 


31 



cDNA which code TPO-[F46V], TPO-[F128V], TPO-[F131V] and IPOpFUlV] was 
constructed by primary PGR using sped&c primers (Table 1) and univereal primer T3 and secondary 
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PGR using the primary PGR product and universal prima* T7. The tenplate for these reactions was 
the cDNA coding wild type TPO cloned in pBluescriptKS 11 (+) obtained from Example 1. 

The primary PGR was performed by adding 2.5U Ex taq(Takara, J^an), 5/d of lOX buflFo:, 
ImM MgCh, 2.5mM dNTP and D.W was added to make the total volume of SOut The PCR 
5 condition consisted of 1 cycle at 94 *C for 3 minutes followed by 30 cycles at 95 for 30 seconds, at 
60 for 30 seconds and at 72 1C for 30 seconds and then linked to 1 cycle at 72 TC; for 7 minutes. 
Hie primary PGR product was used as a meg^Mima- in the secondary PGR together with universal 
prima- T7(l Opmole). The cDNA coding wild type TPO cloned in pBluesciipt KS 11 (+) was used as 
the template in the secondary PGR The secondary PGR was performed by adding 2.5U Ex taq, 
10 Sfdof lOX buflfer, 2.5mM dNTP and D.W was added to make the total volume of 50/^. The PGR 
condition consisted of 1 cycle at 94*0 for 3 minutes followed by 30 cycles at 94 "C for 1 minute, at 
58*0 for 1 minute, and at 72X2 for 1.5 minutes and finally linked to 1 cycle at 72 'G for 7 minutes 
prior to teiminatiorL 

To minimize orors doi ved form DNA synfliesis, Mg^ concentration was reduced to 1 mM in 
15 flie primary PGR Sizes of megaprimers amplified were 280b.p for TPO[F46V], 520b.p for TPO- 
[F128V], 530b.p for TPO-[F131V] and 560b.p for TPO-[F141V]. Jn the secondary PGR using 
meg^rimers, cDNA coding each muteins produced showed the same size of 1062b.p. Substitution 
6om phenylalanine to valine at nucleotide sequence of the individual TPO mutein was verified by 
direct sequencing. 

20 Eadi PGR product of 1062b.p was separated in 0.8% agarose gel and purified with 11 

gel extraction kit The PGT product was digested with ISUEcoRl and lOU Notl at 37''C for 2 hours. 
The digested PGR product was sqjarated in 0.8% ag9rose gel and purified with Qiaex 11 gel 
extraction kit and lighted with pBluescriptKS 11 (+) as described above. The recombinant e}q)ression 
vector containing DNA which codes TPO-[F141V] was named TeflBcadrt4 and was dqx)sited at the 

25 KGGM(Korean Gulture GentCT of Microorganisms) under the Budapest Treaty on June 9, 2003. 
Accession number given by international depositary authority was KGGM-10500. 
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B. Construction of cDNAs coding EPO muteins 

Four mutdns of EPO, EPO-[F48V], EPO-[F138V], EPO-[F142V] and EPO-[F148V] were 
constructed according to procedures as follows to have a single amino add-substitution fiom 
phenylalanine to valine at each positioris, respectively. 

arable 2> 

Primos used in constiiicting cDNAs coding EPO- wild ^pe and muteins 



Primer No. 


Nucleotide sequence 


Sequence No. 


11 


Wild EPO 


Sense 


5'-<3GCXjCGGAGATGGGGGT-3' 


32 


12 


Antisense 


5*-tggix:l\tctgtcxxctgt^^ 


33 


13 


EPO-[F48V] 


Sense 


T3 




14 


Antisense 


5'-GACATTAACTITGGTGTCTGGGAC-3' 


34 


15 


EPO.[F138V] 


Sense 


5'<nxnxx3GCAAAcnxnTcxx^ 


35 


16 


Antisense 


T7 




17 


EPO-PF142V] 


Sense 


5'-CGCAAACrCXmXX3AGTCrACr-3* 


36 


18 


Antisense 


T7 




19 


EPCHF148V] 


Sense 


5'<jAGTCTACnXX:AATGTGGTGGG-3' 


37 


20 


Antisense 


T7 





Construction piDcedure of cDNA coding EPO muteins was basically similar to that of TPOs. 
cDNAs which code EPO-[F48V], EPO-[F138V], EPO[F142V], and EPO-[F148V] were constructed 
by primary PGR using specific primers (Table 2) and universal primer T3 and secondary PGR using the 
primary PGR product and universal primer T7. The tenq)late for these reactions was the cDNA 
coding wild type EPO cloned in pBhiesaiptKS H (+) obtained from Exaiqple 1. 

Mg^ concentration was adjusted to ImM in the primary PGR. Sizes of amplified 
meg^rimers were SOOb.p for EPO-[F48V], 550b.p for EPO-[F138V], 550b.p for EPO-[F142V] and 
550b.p for EPO-[F148V]. In the secondary PGR using the meg^rimas, cDNAs coding the 
individual muteins were anq^lified as flie same size of 580b.p. Substitution 6om phenylalanine to 
valine at nucleotide sequence of the individual EPO mutdn was verified by direct sequQidng. 

Each PGR product of 580b.p was separated in 0.8% agarose gel and was purified with Qiaex 
n gel extraction kit The PGR product was digested with 15U£i:oia and lOUjBom// 1 at 37°^ 
hours. The digested PGR product was ligated into pBluescript KS 11 (+) as described above and was 
used for constmcting the expression vector. The recombinant expression vector containing DNA 
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whidi cedes TPO[F141 V] was named Reflacacin-4 and was dqx)sited at the KCCM(Korean Culture 
Cmteac of Microorganisms) under the Budapest Treaty on June 9, 2003. Accession numba- given by 
intQuational dqx)sitary authority was KCCM-10501. 



C. Construction of cDNAs coding G-CSF muteins 

Muteins of G-CSF, G-CSF[F13V], G-CSF[F83V], G-CSF[F113V], G-CSF[F140V], G- 
CSF[F144V] and G-CSF[F1 60V] woe constructed according to procedures as follows to have a single 
amino acid-substitution 6om phenylalanine to valine at each positions, respectively. 

<Table3> 



Primers used in constmcdng cDNAs coding G-CSF- wild type and muteins 



Primer No. 


Nucleotide sequence 


Sequence No. 


21 


wfldGKSF 


Sense 


5'-CCCCGGGACCATGGCIX3GACCTGa:^ 
3* 


38 


22 


Antisense 


5'^AATKX3CTXL\GGGCTGGGCAAGGAG-^^ 


39 


23 


G-<:SF.[F13V] 


Sense 


T7 




24 


Antisense 


5'-ACITGAGCAGGACGCTCT-3' 


40 


25 


G-CSF-[F83V] 


Sense 


5'.AGCGGCCTKno:nXTA-3* 


41. 


26 


Antisense 


T3 




27 


G<:SF-[F113V] 


Sense 


S'UGACGTTCKrAOCAOCAT-J 


42 


28 


Antisense 


T3 




29 


G-CSF-[F140V] 


Sense 


5'-GCCGTCX3CXnxnX3CnT-3' 


43 


30 


Antisense 


T3 




31 


G-CSF-IP144V] 


Sense 


5'-TCX30CTKnXKnxnXXAG-3' 


44 


32 


Antisense 


T3 




33 


G-CSF-CF160V] 


Sense 


S'-TCTOCAAGACGTCCTGG-S' 


45 


34 


Antisense 


T3 





Constmction procedure of cDNA coding G-CSF muteins was basically similar to that of 
TPOs. cDNAs which code G-CSF-[F13V], G-CSF-[F83V], G-CSF-[F1 13V], G-C;SF-[F140V], G- 
CSF-[F144V], and G-CSF-[F160V] were constmcted by primary PGR using specific primos (Table 3) 
and universal primer T3 and secondary PCR using the primary PGR product and univCTsal primer T7. 
The template for these reactions was the cDNA coding wild type G-CSF cloned in pBluescript KS 
n (+) obtained fiom the Example 1. 

Mg^ concentration was adjusted to ImM in the primary PCR. Sizes of anqjlified 
megaprimers were 600b.p for G-<:SF-[F13V], 390b,p for G-CSF-[F83V], 300b.p for G-CSF-pl 13V], 
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200b.p for G-CSF-[F140V], 200b.p for G-CSF-[F144V], and 150 b.p for G-CSF[F160V]. In the 
secondary PGR using the meg^prmiCTs, cDNAs coding each muteins were amplified as the same size 
of 640b.p. Substitution fiom phenylalanine to valine at nucleotide sequmce of the individual G-CSF 
mutein was verified by direct sequencing. 

Each PGR product of 640b.p was separated in 0.8% agarose gel and purified with Qiaex 11 
gpl extraction kit The PGR product was di^sted with 15U Smal and lOU EcoRl at 37°C for 2 hours 
and separated in 0.8% agarose gel and purified with Qiaex 11 gpl extraction kit The digqsted PGR 
product was ligated into pBluescript KS n(+) as described above. The recombinant expression 
vector containing DNA which codes G-GSF-[F140V] was named Grefficacin4 and was dqx)sited at 
the KGGMOKlorean Gulture Genta* of MiaxxDrgqnisms) undo: the Bud^)est Treaty on May 17, 2004. 
Accession number given by international dqx)sitary authority was KGGM-10571 . 

D. Gonstmction of cDNAs coding GH mutdns 

Fow muteins of GH, GH-[F44V], GH-[F97V], GH-[F139V], GH-[F146V], GH-[F166V], 
and GH-[F176V] were constmcted according to procedures as follows to have a single amino acid- 
substitution fiiom phenylalanine to valine at each positions, respectively. 
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<Table4> 

Primas iised in constructing cDNAs coding GH- wild type and nmtdns 



Primer No. 






35 


Leader 
sequence 
addition 


Sense-1 


5XTmxjGa:iGCici<jcuiuiujiG^ 

GAGGGCAGrraOCTIXXXLflu\(^ 


46 


36 


Antisense 


T3 




37 


Sense-2 


5'<x;aaitcatggctgcaggcixxc^^ 

CnX3CmnXjGCTITIt3GO^^ 


47 


38 


Antisense 


T3 




39 


GH- 
[F44V] 


Sense 


T7 




40 


Antisense 


^^KjGGTIXnXXAGGACTGAATACI^ 


48 


41 


GH- 
\F97V] 


Sense 


T7 




42 


Antisense 


5'-03CimTGGCGACGATCCrG-3' 


49 


43 


GH- 
[F139V] 


Sense 


T7 




44 


Antisense 


5'-GTAGGTCIGCTIX3ACGAlXnX3C^^ 


50 


45 


GH- 
[F146V] 


Sense 


T7 




46 


Antisense 


5'-<MGTITGKjroGACCTlXj^^ 


51 


47 


GH- 
[F166V] 


Sense 


T7 




48 


Antisense 


5'-GT(XTTCCrGACGCAGTAGAGCAG-3' 


52 


49 


GH- 
[F176V] 


Sense 


T7 




50 


Antisense 


5'<XjATG0GCAGGACTGTCTCXj 


53 



Construction procedure of cDNA coding GH muteins was basically similar to that of TPOs. 
5 cDNAs whidi code muteins GH-[F44V], GH-[F97V], GH-[F139V], GH-[F146V], GH-[F166V] and 
GH-[F176V] were constmcted by primary PGR using specific primers (Table 4) and universal primer 
T3 and secondary PGR using the primary PGR prcxiuct and univCTsal primer T7. The template for 
these reactions was the cDNA coding wild ^e GH cloned in pBluescript KS n(+) obtained fiom 
Example 1. 

10 Mg^ concentration was adjusted to ImM in the primary PGR. Sizes of each amplified 

meg^iimers were 130b.p for GH-[F44V], SOOb.p for GH-[F97V], 420b,p for GH-[F139V], 450b.p for 
GH-[F146V], SOOb.p for GH-[F166V] and 530b.p for GH-[F176V] PGRs. Substitution fiom 
phenylalanine to valine at nucleotide sequmce of the individual GH mutein was verified by direct 
sequmdng. 

15 Each PGR product of 650b.p was separated in 0.8% agarose gel and purified with Qiaex 11 

gel extraction kit The PGR product was digested with 15U EcoJRI and lOU HindSL at 3TC for 2 
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horns and sqjarated in 0.8% agarose gel and pxirified with Qiaex 11 gel extraction kit The digested 
PGR product was ligated into pBluescrpt KS 11 (+) as described above. 

EXAMPLE 3. Expression and Purification of TPO muteins 

5 

A TPO muteins 

a Establishmoits of transacted cell lines by using lipofection method 
Chinese hamsta^ ovary ("CHO-Kl'XATCC, CCL61) cells were prepared at a dmsity 
1.5x10^ cells per 35mm dish containing Dulbecco's modified Eagle's medium CT)MEM")[Gibco 

10 BRI^ USA] supplemmted with 10% fetal bovine soiimCT^S Thecells were grown at 37 'C in a 
5% CO2 for 18-24 hrs. 6 pi of Lqx)fectamine was added to \5iig of the recombinant e?q>ression 
vector coirq)rising DNA coding TPO mutein in a staile tube. Volume of this rhixture was adjusted to 
100//4 by adding serum-fiee DMEM. The tube was incubated at room temperature for 45 miiL 
The cells grown in 35mm dish were washed twice with serum-fiiee DMEM and 800/^£ of sonm-fiee 

15 DMEM was added to the dish. The washed cells wae g^tly overlaid on the fipofectamine-DNA 
complex and then incubated for 5hrs at 37lC in 5% CO2. Afta* 5 hrs incubation, Im^ of DMEM 
containing 20% FBS was added to transfected cells and then tiie ceUs were incubated for 18-24 hrs at 
37"C, 5% CO2. After the incubation, the cells were washed twice with semm-fiee DMEM and then 
Iml ofDMEM containing 10% FBS was added to the culture. These cells were incubated for 72 hrs 

20 at37lC, 5%CX)2. 

b. Analysis of expression level of TPO muteins using ELISA 

The cells transfected with plasmid containing cDNA coding TPO-wild type or muteins were 
analyzed on their protein expression level by using ELISA assay. An ^at anti-human TPO 
25 polyclonal antibody^l&D, U.S.A) diluted to lOiiE/mi with coating buflfetO.lM Sodium 
bicaibonate,(pH 9.6)] was added into each wells of 96 well plate(Falcon, USA) up to \QOfd per weU 
and incubated for 1 hour at room tenpaature. The plate was washed with 0.1% Tween-20 in IX 
PBS(PBST) three times. After washing, the plate was incubated with 2Q0pJL of blocking buflfer(l% 
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FBS, 5% sucrose, 0.05% sodium azide) for 1 hour at room temperature and then washed three times 
with PBST. The cultured siq«nataiils including the transfected cells) and dilution buflfefO. 1 % BS A, 
0.05% Tween-20, IX PBS] were mixed with serial dilutions. 25ng^ of recombinant human 
TPO[CaIbiochem, USA] as a positive control and untransfected CHO-Kl cultured siqjematants as a 
5 negative control were equally diluted These controls and samples were incubated for 1 hr at room 
tempeaiature. Then, the plate was washed with PBST three times. A biotinjdated goat anti-human 
TPO antibody (R&D, USA) diluted to Olfig/mt with dilution buffer was added to ttie 96 well plate up 
to lOOfd par well and incubated for 1 hr at room tanperature. The plate was washed with PBST 
three times. Strq)tavidin-HRP (R&D, USA) diluted to 1 :200 in dilution buffer was added lOOfd per 
10 weU to the 96 well plate and incubated for 1 hr at room tempeai a ture. After 1 hour, the plates was 
washed three times with PBST, and then coloring reaction was performed by using TMB microwell 
peroxidase substrate system(KPL, USA) and OD was read at 63Qnm witti microplate readerjBIO- 
RAD, Model 550]. 

15 c. Analysis of ejq^ression level and molecular wd^t of mutdn TPO using western blotting 

In order to exclude FBS in medium, CHO-S-SFM n (Gibco BRL, USA) was used for culture 
of the above-transfected cell. Culture medium fiom CHO-S-SFM n was filtrated with 02im syringe 
filter and concentrated with centricon (Mol. 30,000 Millipore, USA). To perfomi the reduced SDS- 
PAGE, sanple-loading buflFer containing 5% j&-merc^toethanol was added to the san5)le and heated 

20 for 5 minutes. Stacking gel and running gel woe used fi>r ttiis SDS-PAGE. The stacking gel was 
composed of 3.5% acrylamide, 0.375 M Tris ^H6.8), 0.4% SDS and tfie running gel was composed of 
10%acrylamidegel, 1.5 M Tris (pH8.8), 0.4% SDS. After SDS-PAGE gel nmning treatment, protein 
sanqDles were transfemed to Westran (PVDF transfemiembrane, S&S) having 4{m pore at 35QmA for 
2 hrs in a 25mM Tris-192mM glycine (pH 8.3) -20% methanol buffer-containing reservoir. After 

25 transfening, it was blocked three times for 10 minutes with 5% fat free milk powder in PBST. The 
biotinylated goat anti-human TPO antibody (R&D, USA) was diluted to 025ug/mi in blocking buflfer 
and 3ml of this solution was added and shakm for 6 hrs. The membrane was washed with washing 
solution three times. Strq)tavidin-HRP (R&D, USA) was diluted to 1:100 in blocking huSer and 
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incxibated for 1 hr. The manbiane was washed three times with washing solution. Protein bands 
were visualized by incubating with DAB substrate (VECTOR LABORATORIES, USA) for 10 
minutes. This reaction was stopped with soaking the manbrane in deionized water. 

In Figure 2a, wild type and mutein forms of TPOs had the same molecular wei^t(55kD). 
5 Relative expression level of wild type and muteins of TPO was shown in Figure 3a 

Expression level of each TPO mutein was conpared to fliat of wild type TPO as a controL 
Expression level of TPO-[F128V] was increased 1.4 times more than that of wild type TPO. But 
expressions of TPO -[F46V], -[F131V] and -[F141V] were decreased to 20%, 40%, and 40% of that 
of wild type, respectively. 

10 

B. EPO muteins 

Expression vectors containing cDNAs coding EPO muteins were transfected to CHO-Kl cell 
and expression level of each of EPO mutein was detected by using ELBA assay. And molecular 
wei^t of each of wild type and mutein of EPO was analyzed by westatn blotting. 
15 In Figure 2b, wild type and mutein fi>rms of EPO had tfie same molecular wei^t (45kD). 

Relative expression level of wild type and muteins of EPO was shown in Figure 3b. 
Expressions level of EPO-[F48V] and -|F138V] was increased 1.4 and 1 .2 times more than that of the 
wild type EPO, respectively. But e?qiression level of EPO -[F142V] and -[F148V] was decreased to 
20 % and 30 % of that of wild type EPO, respectively. 

20 

C. G-CSF muteins 

Expression vectors containing cDNAs coding G-CSF muteins were transfected to CHO-Kl cell 
and e;q)ression level of each G-CSF mutein was detected by using ELES A assay. And molecular 
weight of each of wild type and mutdns of G-CSF was analyzed by westOTi blotting. 
25 In Figure 2c, wild type and mutein fomis of G-CSF had the same molecular wei^t (50kD). 

Relative expression level of wild type- and muteins of G-CSF was shown in Figure 3c. 
Expression levels of rest of G-CSF muteins v/ere similar to that of wild type G-CSF. Expression level 
of G-CSF mutein-[F83V] was inoeased 1.9 times than that of wild-type. But expression levels of G- 
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CSF mutems -[F140V] and -[F144V] wqtb decreased to 50 % and 70 % of that of wild type G-CSF, 
respectively. 

D.GHmxiteins 

Expression vectors containing cDNAs coding GH muteins were transfected to CHOKl cell. 
Method for the esqjression of each of tiie GH muteins was the same as those ijsed for TPO production. 

EXAIVIPLE 4. Constmction of DNA coding EPO, TPO, G-CSF, and GH receptors 

A Construction of DNA coding EPO and TPO receptors 

DNAs coding EPO and TPO receptors woe constructed to analyze binding afiOnities of each 
of EPO muteins and TPO muteins. DNA coding extracellular domain of each recq)tor was linked to 
DNA coding Fc domain of IgGl such that the C-texminal region of extracellular domain of each 
receptor was fused to N-taminal region of human IgGl Fc domain. cDNA coding EPO recq)tor was 
constmcted by PCR using sense primaT(primer 51) with restriction sites of EcoBI and leader sequence 
of EPO receptor and antisense primer(prima- 52) with the sequaice coding 3 ' end of EPO recq)tor and 
the sequence coding 5'end Fc domain of IgG. cDNA coding TPO recqjtor linked to Fc domain of 
IgGl was constructed by PCR using smse primer(primer 53) with restriction sites of HindSL and leader 
sequence of TPO recq)tor and antisense primer^primer 54) with the sequence coding 3' end of TE*0 
recq)tor and the sequence coding 5'end of Fc domain of IgG. 

cDNA coding EPO recq)tor produced as described above and DNA coding Fc domain of 
IgGl were mixed in the same tube, complanentaiy binding hd^&ea the common sequences was 
induced Using this mixture, cDNA coding EPO recq)tor linked to Fc domain of IgGl was 
constmcted by PCR using sense primer(primer 51) with restriction sites of EcoRl and leada* sequaice 
of EPO receptor and antisense primer(primer 55) with restriction sites of^al and 3'«id of Fc domain 
of IgG. The PCR product was cut witii EcoRl zndXbal and inserted into PCR-3 eqjression vector for 
production of EPO receptor-Fc fusion protein 
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cDNA coding TPO recq)tor produced as described above and DNA coding Fc domain of 
IgGl were mixed in the same tube, flius complonentary binding between the common sequences was 
induced Using this mixture, cDNA coding TPO recq)tor linked to Fc domain of IgGl was 
constructed by PCR using saise primei^prima- 53) with restriction sites of EcoRl and leader sequence 
5 of EPO recqjtor and antisense primei(primer 55) with restriction sites ofJibal and 3'end of Fc domain 
oflgG. The PGR product was cut with ////idin and expression vector 

for production of TPO recq)tor-Fc ftision protein. 

<Table 5> 

10 A List of primers used in constructing TPO and EPO receptors fused to immunoglobulin 





Primer 
No. 




Nucleotide sequence 


Sequence 
No. 


EPO 
receptor 


51 


Sense 


5'-CGGAATrCATGGACCACCTCGGGGCG-3' 


54 


52 


Antisense 


5'-<jCrCTAGACrAAGAGCAAGCCACATAGCrGGG-3' 


55 


TPO 
receptor 


53 


Sense 


5*-C(XAAGCTrATGGAGCTGACTGAATrGCrCCrC-3' 


56 


54 


Antisense 


5'-<KjAATT<m'ACCCTrCCTGAGACAGATTCTGG-3' 


57 


IgGl-R- 
Xbal 


55 




5'<jCTCrAGAGCrCATITACCCGGAGACAGGGAGAG-3' 


58 



B. Construction of DNA coding G-CSF and GH recq)tors 

cDNA coding G-CSF recq)tor was constmcted by PCR using saise primer(primer 56) with 
15 restriction site of HindHl and leader sequence of G-CSF recqjtor and antisense primer(primer 57) with 
restriction site of EcoRl and the sequence coding 3' end of G-CSF Tcceptor. cDNA coding GH 
recqjtor was constmcted by PCR using sense primer (primer 58) with restriction site of EcoRL and 
leader sequence of G-CSF recq)tor and antisense primer(primer 59) wifli restriction site of Spel and the 
sequence coding 3 ' end of G-CSF recq)tor, 
20 The PCR product encoding G-CSF recqjtor was digested with HindSl and EcoRL, and was 

cloned by inserting into a commercially available cloning vector, pBluescript KS n(4-) at 
HindUI/EcoRL site. The PGR product encoding GH recq)tor was digested with EcoRl and Spel, and 
cloned by ins^ting into a commercially available cloning vector, pBluescript KS 11 (+) at EcoRU Spel 
site. 
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Fc domain of human IgG was constmcted by PGR using saise primei^rimor 60 for G-CSF, 
prima: 61 for GH) with sequaice coding 5' end part ofhin^ region of human IgG and antisense prima: 
Qjrima: 62). For G-CSF recqDtor, the PGR product coding Fc domain of human IgG was di^sted 
with EcoRl and Jibal, and cloned by inserting into a commercially available cloning vector, pBluescript 
5 KS JI(+) Bt EcoRI/ Xbal site. For GH receptor, &ePCai product codtagFc domain of human IgG 
was digested vAUi Spel and JAaJ^ and cloned by insoting into a commoxdally available cloning vector, 
pBluescriptKS n(+)ati§?eIsite/A6aL 

Both of the cloned cDNA coding G-CSF recqjtor and the cloned Fc domain of human IgG 
were digested with and then ligated to prepare DNA coding G-CSF recqjtor linked to Fc 

10 domain of human IgG. This DNAcoristnict was cut with /fiwdlH and 

expression vector. Both of the cloned cDNA coding GH receptor and the cloned Fc domain ofhuman 
IgG were digested with SpeU Xbal and then ligated to prepare DNA coding G-CSF recq)tor linked to 
Fc domain ofhuman IgG. This DNA constnict was cut vn^EcoKL zxidXbal and inserted into PCR-3 
expression vector. 

15 

<Table6> 



A List of primers used in constmcting G-CSF and GH recqjtors fiised to Immunoglobulin 





Primer 
No. 




Nucleotide sequaice 


Sequence 
No. 


GCSF 
receptor 


56 


Sense 


5'-(XCAAGCrrATCGCraGACCT^^ 


59 


57 


Anlisense 


S^-^jGAATTCGCAACAGAGCCAGGCAGTr^ 


60 


GH 
receptor 


58 


Sense 


5'-CGGAATTCATGGATCTXTOGCAGCrG-3' 


61 


59 


Antisense 


5'-GGACTAGTITGGCTCATCTOAGG/^ 


62 


IgGl:F. 
EcoRI 


60 


Sense 


5'43GAATTCGCAGAG<XC:AAATCT^^ 


63 


IgQl-F- 
Spel 


61 


Sense 


S'-GACTAGTCCAGAGOCXZAAATCTT^^ 


64 


IgGl-R- 
Xbal 


62 


Antisense 


5'<Kn^CTAGAGCrCATTrACXXGGAGACAGGGAGAG-3' 


65 



EXAMPLE 5. Measurement of binding a£5nity of cytokines and their muteins to each of 
20 their receptors by using ELIS A 
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A- Binding of TPO and TPO mutdns to TPO Recq)tor 

Culture supematants of CHO cell transfected with expression vectors canying ^es for TPO 
muteins were used for measuring cytokine-recq)tor interactions. 

TPO recq)tor-Ig fusion protein was purified fiiom culture siq^anatant of CHO cell transfected 
5 with recombinant expression vector canying gaie coding for TPO recq)tor-Fc fusion protein by using 
Protein A Sq)haros&4B column (Phaimacia, Swedai). The purified fiision protein diluted to 10jt/g^mj& 
with coaling buffer [O.IM Sodium bicaibonate,^H 9.6)] was added into each wells of 96 well 
plate(Falcon, USA) up to lOOfd pa- well and incubated for 1 hour at room toiperature. The plate 
was washed with 0.1% Tween-20 in IX PBS[PBST] three times. After washing, tiie plate was 

10 incubated with 200/d of blocking buflFer(l% FBS, 5% sucrose, 0.05% sodium azide) for 1 hour at 
room ten5)erature and thai washed three times with PBST. 

After washing, culture sipanatants consisting of four TPO muteins and one TPO wild type, 
respectively were diluted serially with dilution buflFer[0.1% BSA, 0.05% Tween-20, IX PBS] and was 
added to 96 well plate coated with ttie TPO receptor-Fc fusion protein and incubated for 1 hr. The 

15 washing was repeated three times with PBST. A recombinant human TPO[CaIbiochem, USA] as a 
positive control, and untransfected CHO-Kl cultured supematants as a negative control were equally 
diluted The plates were washed with PBST three times. A biotinylated goat anti-human TPO 
antibody ^l&D, USA) diluted to 02fjLgfmi in dilution buffer was added to the 96 well plate to lOOjbd 
per well and incubated for 1 hr at room taiqjerature. The plate was washed wifli PBST three times. 

20 Streptavidin-HRP (R&D, USA) diluted to 1:200 in dilution buflFer was added lOOfd pa- well to 96 
well plate and incubated for 1 hr at room temperature. The plate was washed three times with PBST 
after 1 hour. Coloring reaction was performed using TMB microwell paoxidase substrate system 
(KPU USA) and O.D was read at 630nm wifli microplate reader [BIO-RAD, Model 550]. 

The binding affinity of TPO-[F141 V] and TPO-[F13 IV] to the TPO receptor was increased 

2 5 compared to that of wild type TPO (Figure 4a). And the former mutein had the strongest binding 
aflSnity among all TPO muteins. 
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B. Binding of EPO and EPO mutdns to EPO Receptor 

Measurement of binding afSnity of EPO wild type and muteins to tiie recq)tor was basically 
similar to that ofbinding aflSnity of TPO and TPO muteins to TPO Receptor. 

The binding aflBnity of EPCKF148V] and EPC)-[F142V] to tiie EPO receptor was increased 
5 compared to that of wild type EPO(Figure 4b). And ttie fonno- mutein had the strongest binding 
affinity among all EPO muteins. 

C. Binding of G-CSF and G-CSF muteins to G-CSF Receptor 

Measuremeait ofbinding aflBnity of G-CSF wild type and muteins to the recq)tor was basically 
1 0 similar to that ofbinding aflBnity of TPO and TPO muteins to TPO Receptor. 

Results(Figure 4c) showed binding aflBnity of G-CSF-[F140V], G-CSF-[F144V], and G- 
CSF-[F160V] to the G-CSF receptor was increased conqjared to that of wild type G-CSF. And the 
first mutein(G-CSF-[F140V]) had the strongest binding aflBnity among all G-CSF muteins. 

15 D. Binding ofGH and GH muteins to GHrecq)tor . _ 

Measurement ofbinding aflBnity of GH wild type and muteins to the receptor was basically 
similar to that ofbinding aflBnity of TPO and TPO mutdns to TPO Recq^tor. 

Results(Figure 4d) showed tihat GH-[F139V] had the strongest binding aflBnity to the GH 

recqjtor. 

20 

EXAMPLE 6. Measurement of bindings of cytokines and their muteins to each of their 
recqjtois by using SPR 

A. Binding ofTPO and TPO muteins to TPO Receptor 
25 To measure the binding aflBnity of TPO-[F141V] and TPO^[F131V] to TPO recqjtor, SPR 

was performed on a BIAcore 3000 instalment containing CMS sensor chip. Anti-human IgG 
antibody was immobilized onto each flow cells 1 and 2 using amine^ipling dianistry. To 
inactivate any active group, surfeces were blocked with 1 M ethanolamine. TPO receptor-Fc fusion 
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protein was added to bind to flie anti-human IgG antibody for 2 min at 30/^&toin and then TPO and 
TPO muteins wctb reacted to bind to the TPO lecqDtor. 

At the same density of lig^nd, increased resonance unit (RU) means hi^ac binding 
afiSnities. In Fig.5a, wild TPO, TPO-[F141V] and TPO-[F131V] were lORU, 30RU and 20RU 
5 respectively. This result showed that TPO-|T141V] had the strongest binding aflBra In addition, 
values of wild type and mutein TPO were shown in Table 7. 



<Table7> 

Changes of Binding-kinetic rate constant of wild type and mutein TPO 







Kofi(S-*)xlO-" 


KD(y M)=Koff^ 




Relative Binding 
a£5nity 


Wild ^ TPO 


2.42 


13.7 


5.66 


5.81 


1 


TPCKF141] 


12.8 


0.51 


0.04 


6.03 


141 



, B. EPO mxiteins 

SPR was performed to measure binding aflfinities of EPO mutein-[F148V] and EPO- 
[F142V] with EPO recqjtor. Experimental procedure was similar to that for TPOs. 

Fig. 5b was the SPR result of EPO wild type and muteins. In Fig. 5b, EPO-[F148V] 
showed 40RU, EPO-[F142V] 30RU. These results show that EPO-[F148V] had the strongest 
binding aflSnity. M addition, values of EPO muteins were shown in Table 8. 



<Table8> 

Changes of Binding-kinetic rate constant of wild type and mutein EPO 







Kofl(S-')xlO^ 


KD(uM)=IWKa, 




Relative Binding 
affinity 


Wfld type EPO 


1.84 


8.83 


4.80 


4.55 


1 


EPCHF148] 


14.0 


0.64 


0.05 


226 


105 
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EXAMPLE 7. Measurement of binding aflBnities of wild type- and muteins of cytokine by 
using F ACS 

A. Establishmmt of TF-l/c-A^?/ cell line 

5 TF-1/c-Mpl cell line was established by transfecting cDNA coding c-Mpl into TF-1 cell. 

Expression of c-Mpl was verified by using FACS analysis. The 1 x lO^Anl of the TFA/c-Mpl cells was 
washed with PBS buflFer and purified c-A$?/ mouse anti-human monoclonal antibody(BD PharMin^i, 
USA) was incubated with the TF-llc-Mpl cells. And thai FITC-conjugated anti-mouse IgG(vvfeole 
molecule; Sigma, USA) was added to verify expression of c-Mpl on surfece of the TPA/c-Mpl cells. 
10 As a result, gr^h of the TFA/c-Mpl cell was shifted ri^tward Sxsm that of TF-1 cells. This result 
showed that c-MpU TPO recq)tor, was expressed on the TF-l/c-Mpl celL 

B. FACS analysis of TPO muteins 

The IxlO^/ml of TF-1/c-Mpl cell was suspended in PBS buffer and TPO wild type and - 
15 [F141V] was added to the suspension and incubated at 4*0 for 30-60 minutes, respectively. 
Biotinylated goat anti-human TPO polyclonal antibody (R&D, USA) was added to the cells above and 
incubated at 4 for 30-60 minutes. Strq)tavidin-FITC (Sigma, USA) was added to the cells above 
and incubated at 4lC for 30^ minutes. The cells were washed twice with PBS buflFer to remove 
non-reacted Strq)tavidin-FITC. The cells woe suspended in PBS buflFer and flow cytometric analysis 
20 was performed at 488nm using EXCALIBUR^D, USA.). 

In Fig. 6a, a binding curve of TPO-[F141 V] was shifted rightward fiom tiiat of wild type 
TPO. This result showed that TPO-[F141V] had much stronger recq)tor-bmding aflSnity than the 
wildtypeTPO. 

25 C. FACS analysis of EPO mutdns 

FACS procedure of EPO muteins was carried out similarly to that of TPO. 
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In Fig. 6b, a binding curve of EPO[F148V] was shifted li^tward fiom that of wild type 
TPO. This result showed that TPO[F141 V] is much stronger in recqjtor-binding aflSnity than the 
wild type EPO. 

5 Example 8. Measuiemmt of biological activities of TPO, EPO, G-CSF and GH muteins 

A. CeD proliferation assay of TPO muteins 

To investigate differences of cell proliferation and biological activities between TPO- wild 
type and mutdns, TF-l/c-Mpl cell line produced above was used TF-l/c-Mpl cells were grown in 

10 DMEM medium siqjplemented with 10% fetal bovine saum, Ing/M GM-CSF at 37 1C, 5% CO2. 
0.4, 1, 5, 10, 20, 40, 75ng/m4 of each of TPO-wild type and muteins in RPMI-1640 were seeded in 96- 
well tissue-culture plates(FALCON, USA). 1x10* cell of tiie TF-l/c-Mpl cells in RPMI-1640 
containing 10% fetal bovine serum was added to each wells of the 96-well plate. After 4 days 
cultivation at 37 1C, 5% CO2, 20 fd of MTS solution[3-(4,5-dimethyl-2-yl)-5-(3- 

15 arboxymethoxyphai)d)-2-(4-sulfophen>d)-2H-tetrazoliuiii, inner salt, MIS] and the phenazine 
ethosulfate(PES j)romeg^) was added and incubated for 4 hours. O J>. was measured with miar>plate 
reader(BIO-RAD Model 550) at 490 nm. 

Figure 7a showed differences of TPO wild type and muteins in stimulating TF-l/c-Mpl cell 
proliferatiarL TPO was applied to the TF-l/c-Mpl fiom 0.4ng^m£ to 75ng^ra£. Cell prolifoation was 

20 increased vp to 5Qng6nl of TPO concentratioiL TF-l/c-Mpl cell proliferation potential of TPO- 
[F141 V] was much strong than that of wild type and was the first in biological activity among TPO 
muteins. Biological activity of TPO-[F131V] was the second strongest among TPO muteins. 
Activity of TPO-[F46V] was similar to that of wild type. 

25 B. Cell proliferation assay of EPO muteins 

Biological activity for EPO muteins was examined by cell proliferation assay using EPO- 
dqjendent TF-1 cell. Experimental procedure of ceU proliferation assay of EPO muteins was similar 
to that of TPO muteins. 
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Figure 7b showed differences of EPO wild type and muteins in stimulating TF-1 cell 
proliferation EPO was qjplied to the TF-1 Cell fiom O.OlIUAnl to TRJ/mt TF-1 cell prolifration 
potmtial of EPO-[F148V] was raudi strongo: than that of the wild type and was the first in biological 
strengdi among EPO muteins. Biological activities of EPO-[F142V] and EPO-[F138V] were ttie 
5 second and the thiid strongest among EPO muteins, respectively. 



<Table9> 

Biological activities of TPOs 





TPO 


TbR noximiini activity con]paiisQn(%) 


Wfldtype 




100 


Miteins 


TPO-[F46V] 


107 


TPO-P128V] 


63 


TPCKF131V] 


119 


TPODF141V] 


146 



10 <Table 10> 

Biological activities of EPOs 





EPO 


The maximum activity conparison(%) 


Wild type 




100 


Muteins 


EPC4F48V] 


&4 


EPCMF138V1 


57 


EPC4F142V] 


122 


EPCHF148V] 


137 



CG-CSF muteins 

Biological activity for G-CSF muteins was examined by cell proliferation assay using G-CSF 
15 dq^endent HL-60 cell. E?q>erimental procedure of cell proliferation assay of G-CSF muteins was 
similar to that of TPO muteins. 

Figure 7c showed dififerences of G-CSF wild type and muteins in stimulating HLr60 cell 
proliferatioa G-CSF was qjplied to the HLr60 Cell 6om OAng/ml to VSng/ral HLr60 cell 
proliferation potential of G-CSF-PF140V] was much strong than that of the wild type and was the first 
20 in biological strength among G-CSF muteins. 
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D.GHmuteins 

Biological activity for GH muteins was examined by cell piolif0:ation assay xising C3i 
dependent NB2 cell. Expmmmtal procedure of cell piolifaradon assay of GH muteins was similar to 
that of GH muteins. 

5 Figure 7d showed diflFerences of GH wild type and muteins in stimulating NB2 cell 

prolifoiation. GH was ^lied to the NB2 Cell fiom OAng/vd to 75ng^ittt NB2 cell proliferation 
potential of GH-[F139V] was much stronger than that of the wild type and was the first in biological 
strmgth among GH mutdns. 

10 Example 9. Pharraacokinetic Profiles of EPO andTPO- wild types and muteins 

Difference of pharmacokindic profiles of each EPOand TPO- muteins between their 
wildtype was investigated TPO or TPO muteins was injected intravenously into rabbits 
(NewZealand White, 3kg). And then blood samples were collected serially. EPO and TPO 
1 5 concentrations 6om each samples were detected by using quantitative ELIS A assay as described above. 
Injection of EPOs into mice (12weefcs, Balb/c, 30g) was pCTformed by both intnperitonealy and 
intravenously. Blood sanqjles in heparin-containing tubes were sqjarated by centrifiigation at 
3,000ipm for 10 minutes. Supernatant containing plasma was used to detect blood concentrations of 
EPO and TPO by using ELISA 
2 0 Afte" intravenous injection of 5 jig/kg of TPO wild type and -[F141V] into rabbit, plasma 

concentration profiles of TPO wild type and -£F141V] were shown in Figure 8a Q>ncentration of 
TPO-DF141V] was decreased more r^dly than that of wild type TPO. TP0-[F141V] was shifted 
60m blood to peripheral target tissues more rapidly, due to its strongo: binding affinity to recqjtor. 

After intravenous injection of 1000 LU/kg of wild type EPO and EPO-PF148V] into rabbit, 
2 5 plasma concentration profiles of wild type EPO and EPO -{F148V] in blood were shown in Figure 8b. 
Concentration of EPO-[F148V] was deaeased more rapidly than that of EPO wild type. 

After intr^eritoneal injection of 20 LU/g of wild type EPO and EPO-[F148V] into mice, 
plasma concentration profiles were shomi in Figure 8c. The difiiision velocity of EPO wild type was 

55 



r^T/KR2004/001246 

KR/RO 30.09.2004 



hi^CT than that of EPO-P^148V] at early stage and maximum concentration in blood(Cmax) of wild 
type EPO was also higjier than that of EPO-[F148V]. Cmax of EPO-[F148V] ranained longo" than 
wild type EPO. These results sug^sted that EPO-[F148V] was more hydrophobic and had higher 
binding aflSnity to recqjtor than the wild type EPO. And these results lead to the conclusion that EPO- 
5 [F148V] was diffused into blood more slowly and shifted fiom blood to peripheral target tissues more 
quickly than those of wild type EPO. 

<Tablell> 



Phamiacokinetic parametexs of EPO wild type and EPO-[F148V] mutein 





Mouse 


Rabbit 




Wild^EPO 


EPO-mutEHi 
[F148V] 


Wild type EPO 


EPO-nmtein 
[F148V] 


Ti2(Halflife) 


1.9 


1.4 


3.8 


2.4 


AUG 


100 


78 


100 


80 



10 

Bcample 10. In vivo activities of EPO muteins 

Diflferaice of biological activities between EPO- wild type and muteins was verified in mice. 
Mice (12weeks Balb/c, 20g, Jungang Lab Animal Inc., Korea) waie 7-inadiated at 700Rad 25Qng of 

15 purified EPO wild type and muteins mSO fd of PBS waie injected intr^jeritoneally 3 times everyday. 
Blood samples were collected &om their tail vein. And then hematologic parameters were tested 
according to ordinary CBC test ^^d type EPO was used as apositive control and CHO cell culture 
siq^ematant was used as a negative control. Blood was collected into tubes containing EDTA at 0, 1 st, 
2nd, 4th, 7th, 1 0th, 1 5th, 20th, 25th, and 30th days after the injection. 

2 0 Figure 9 showed that CBC results in mice injected intr^)eritoneally with EPO- wild type and 

muteins to verify change in count of RBC and reticulocyte. Increase of RBC count (Figure 9a) was 
much more remarkable in EPO[F148V]-injected mice than mice injected with wild type EPO. And 
the RBC increase of in EPO[F48V]- and EPO[138V]- injected mice was weaker than that of mice 
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injected with wild type EPO. Increase of r^culocyte count (Figure 9b) and hematocrit was similar to 
the result of RBC count dian^ in mice injected wifli EPO[F148V]. 

Example 1 1 . In vivo activities of TPO muteins 

5 

DiflFerence of biological activities b^een TPO- wild type and muteins was studied in mice. 
Mice (12weeks Balb/c, 20g, Jungang Lab Animal Inc., Korea) weie 7-inadiated at 700Rad 250ng of 
purified TPO wild type and muteins in 50 fd of PBS were iqected intraperitoneally 3 times everyday. 
Blood samples were collected fiom their tail vein. And then hematologic parameters were tested 

10 according to ordinary CBC test Wild type TPO was used as apositive control and CHO cell culture 
si:Q)emalant was used as a neg^ve control. Blood was collected into tubes containing EDTA at 0, 1st, 
4th, 7th, 10th, 14th, 18th 23rd, 28th, and 32nd days after injection. 

Figure 10 showed the changes of platelet count(Figure 10a), leukocyte count(Figure 10b),and 
neutrophil count(Figure 10c) in mice injected intr^>eritoneally wife TPO- wild type and muteins. 

15 Increase of platelet count was the most remaikable in mice injected with TPO-[F14lV]. And mice 
injected with TPO-[F131V] was the second W^est Mice injected with TPO-[F46V] was similar to 
those injected with wild type TPO. And mice injected with TPO-[F128V] showed platelet count 
similar to that of negative controls injected with PBS (Figure 10a). Increase of leukocyte count 
(Figure 10b) and neutrophil count (Figure 10c) showed similar patterns as those seai in platelet change. 

20 

Industrial Applicability 

As apparent fiom the above results of the present invention, valine substitution for 
phenylalanine residue, which is present in a domain participating in the binding of conventional wild- 
type biological response-modulating proteins to corresponding recqjtors, ligands or substrates, leads 
25 to an increase in binding aflfinity and biological activity, and reduces the production of autoantibodies 
to convmtional protein variants, thereby making it possible to produce improved protein dmgs. 
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r'^T/KR2004/001246 

KR/RO 30.09.2004 



INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OROTHERBIOLOCXCALMATERIAL 

(PCTRule 13bis) 



A. The indicatioiis made bdow relate to the deposited microorganism or other biological material referred to in 
the description on page 38, line 20-26 



B. IDENTIFICATION OF DEPOSIT Further deposits are on an additional she^ 



Name of depositary institution 

Korean Culture Center of Microorganisms(KCCM) 



Address of depositary tnstitixdon(including postal code and coun^^ 
361-221, Yunm B/D, Hongje-dong, Seodaemun-gu, 



Date of deposit 


Accession Number 


09/06/2003 


KCCM- 10500 



CjVDDmONALINDICATIONS(faiietfiil^^ This information is continued on an additional sheet 

□ 



DDESIGNATED STATES FOR WHICH INDICATIONS ARE MAD^fdiemOcadoimarenotfa^dldesiffuM 

States^ 



E.SEPARATE FURNISHING OF INDICATIONSfZeav^ blank ^ not applicable) 

The indications listed below will be submitted to the International Bureau \aAier(spei^ the general nature of the 
indicadons aq,, "Accession Number of Deposit'') 



For receiving Office use onb^ 

□ This sheet was received with the international 
application 



Authorized officer 



For international Bureau use only 

□ This sheet was received by the International 
Bureau on: 



Authorized officer 



FormPCT/RO/134(July 1998) 
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^ CT/KR2004/001246 

KR/RO 30.09.2004 



INDICAnONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHERBIOLOGICALMATERIAL 
(PCTRuIe 13bis) 



A. The indications made bdow relate to the deposited microorganism or other biological material referred to in 
the descr^tion on pa^ 40, line 1-10 



B. IDENTIFICATION OF DEPOSIT Further deposits are on an additional she^ 



Name of depositary institution 

Korean Culture Center of Microorganisms(KCCM) 



Address of depositary institution(md!Md!icn!gpi7SAi/ code and country) 
361-221, Yurlm B/D, Hongje-dong, Seodaemun-gu, 



Date of deposit 


Accession Number 


09/06/2003 


KCCM- 10501 



CADDmONALINDICA110NS(faiiefiMjr^^ This information is continued on an additional sheet 

□ 



D DESIGNATED STATES FOR WHICH INDICATIONS ARE MADYjCfdwmODodonsarenaiJm-dldes^^iated 



E.SEPARATE FURNISHING OF INDIC ATIONS^Zeovg blank if not applicable) 

The indications listed bdow will be submitted to the International Bureau }sLtBr(spec^ the general nature of the 
indicadons e,q,, "Accesaon Number of Depost") 



For receiving Office use only 

□ This sheet was recdved with the international 
application 



Authorized ofiGcer 



For international Bureau use only 

□ This sheet was recdved by the International 
Bureau on: 



Authorized ofiBcer 



FormPCT/RO/134(July 1998) 
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:T/KR2004/001246 

KR/RO 30.09.2004 



INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OROTHERBIOLOGXCALMATERIAL 

(PCTRule 13bis) 



A. The indications made bdow relate to the deposited microorganism or other biological material referred to in 
the description on pag^ 41, line 10-15 



B. IDENTIFICATION OF DEPOSIT Further deposits are on an additional she^ 



Name of depositary institution 

Korean Culture Center of Microorganisnis(KCCM) 



Address of depositary mstituiion(indiiding postal code and country) 
361-221, Yurim B/D, Hongje^ong, Seodaemun-gu, 



Date of deposit 


Accession Number 


17/05/2004 


KCCM- 10571 



Cjy)DmONALINDICAT[ONS(toe£bil^9aorif^^ This mformation is contmued on an additional shec^ 
□ 



D J)ESIGNATED STATES FOR WfflCH INDICATIONS ARE MADEffdiemdkxt&msa/enotJin'iaiks^iated 

States) 



E.SEPARATE FURNISHING OF 1NDlCATlONS(leave blank if not applicable) 

The indications listed below will be submitted to the International Bureau laterfspei^ the general nature of the 
indications e,q,, "Accession Number of Deposit") 



For receiving OflQce use only 

□ This sheet was received with the intanational 
application 



Authorized o£Bca- 



For international Bureau use only 

□ This sheet was recdved by the International 
Bureau on: 



Authorized officer 



FonnPCr/ROA34(July 1998) 
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